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Abstract 
Atmospheric water harvesting uses the vapor-compression cycle to collect water from the 
moisture in the air. The system’s components include an evaporator, condenser, compressor, fan, 
and several expansion valves. Condensate from the air is then funneled into a receptacle, which 
determines the efficiency of the water harvesting system. For this senior project, the goal is to 
increase the efficiency of an existing atmospheric water harvester. This project is being carried 
out over the duration of three quarters by a team of four mechanical engineering students at 
California Polytechnic State University, San Luis Obispo. In order to increase the efficiency, the 
primary method that was selected involved exchanging the previous evaporator for one with a 
larger effective fin area. The team of students had ordered the new evaporator and were in the 
middle of integrating the new components until interrupted by the COVID-19 pandemic. As a 
result, the new system is yet to be leak tested and recharged with refrigerant. The team has added 
an entire section dedicated to detailing the remaining tasks with required instructions and 
information for any future team to easily reference. Procedures for testing the system in various 
conditions and comparing the efficiency to a commercial dehumidifier for those conditions have 
been added to this report. Adjustable air flow rates will allow the user to optimize the system 
over a range of relative humidities. Once there is enough testing data for the new system, a 
recommendation for the replacement of the compressor/condensing unit can be considered. 
There are two research directions that have been listed in the Data Analysis section which the 
following team may pursue to further improve the system. 
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1.0 Introduction  
 
The Atmospheric Water Harvesting project (AWH) team consists of four Mechanical 
engineering students: Ben Brough, Jessica Mabry, Justin Lam, and Jacob David. The AWH team 
was tasked with optimizing an existing atmospheric water harvesting unit developed by a 
previous senior project group in 2015 (nicknamed the Fog Catchers) (Giglio, 2015). The goal of 
the project is to improve water generation per kilowatt hour beyond current commercial 
standards for the AWH designed by the Fog Catchers. The AWH is stored in the HVAC lab of 
Building 13 on Cal Poly SLO’s campus.  Professor Steffen Peuker commissioned this project to 
facilitate water collection research.  The implications of this project, on a larger scale, mainly 
concern alternative water sources for areas in drought or without access to clean water. , on a 
larger scale, mainly concern alternative water sources for areas in drought or without access to 
clean water.  
 
This report will provide insight into the status-quo from a technical standpoint of how 
atmospheric water generators compare to other methods of water generation as well as detail the 
selection of the evaporator that was the main deliverable for the preliminary design review.  An 
evaporator that would best fit our needs was selected from a spectrum of different evaporators, 
each with a different intended use. From then, the piping configuration was redesigned to reduce 
minor losses and brackets were designed to attach the fan casing to the new evaporator. For the 
critical design review, the project was expected to have testing data for a comparison of 
efficiencies between the old system, new system, and a commercial dehumidifier. Based on these 
results, the team would provide a recommendation for a compressor/condensing unit, which will 
further improve efficiency. Unfortunately, problems with component procurement delayed the 
project by 4 weeks and the advent of the COVID-19 pandemic stopped the team in the middle of 
integrating the new evaporator. To ensure that the project can be continued unabated once the 
pandemic is over, our team has set about documenting all the unfinished tasks along with the 
procedures and information required to complete them. Once the pipe connections are brazed 
together, leak tested, and recharged, testing should begin.  
 
The objectives section of this report details Dr. Peuker’s needs and wants with respect to the 
project as well as establishes the boundaries of the scope of work. These wants and needs are 
then transcribed into engineering specifications using the Quality Function Deployment (QFD) 
method and ranked by importance. The Concept Design section covers the entire decision and 
justification for the proposed selection of a new system component to improve the overall 
efficiency. The next portion of the report details the final design decisions made with feedback 
from Preliminary Design Review (PDR). The report moves on to the Manufacturing Plan which 
documents the progress of each manufacturing task. After manufacturing is completed, the team 
should refer to the Design Verification Plan (DVP) check each specification and determine 
whether our final design meets the goals previously set. The next section covers the remaining 
tasks left unfinished and are well documented to ensure the task can be easily completed. An 
overview of the entire project timeline and purchases can be found in the next section followed 
by a conclusion of the report. 
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2.0 Background 
 
The initial background research focused primarily on case studies, peer reviewed articles, similar 
products, and patents. Information about the customer requirements was obtained from a meeting 
with the sponsor, Dr. Peuker, and categorized into specific needs and wants. Case studies and 
peer-reviewed articles were used to gain a better understanding of how the design works and 
what tests have already been conducted. Specifications from similar products and patents will be 
used to compare existing designs and their effectiveness in solving the problem. Later research 
was conducted to look into other ways of improving system efficiency. 
 
2.1 Customer Research 
 
The specified requirements and wants from the interview with the sponsor are listed below. The 
project’s focus will be predominantly placed on the efficiency of the device.  
• Higher efficiency than 2.4 L/kWh @ 80% Relative Humidity 
• Must fit through the door for the HVAC lab 
• Must be able to plug into the electricity grid (110 V) 
• Must be able to measure pressure and temperature in the system 
• Must be able to independently turn on/off each component 
• Fan should be variable to tune for efficiency 
• Must use R134a as a refrigerant 
• Allocated budget is $3000 
• Must have a lifetime of 3 or more years 
2.2 Case Studies and Technical Articles 
 
Reports on previous research and analysis used to benchmark existing designs and possible 
efficiency improvements are listed in Table 1. These articles are further explained following the 
table. 
 
Table 1. Case Study/Technical Research 
1 Performance Study of Water Harvesting Unit Working Under Iraqi Conditions 
2 Performance investigation of atmospheric water harvesting systems 
3 Atmospheric Water Harvesting: An Experimental Study of Viability and the Influence 
of Surface Geometry, Orientation, and Drainage 
4 A Feasibility Study on the Use of an Atmospheric Water Generator (AWG) for the 
Harvesting of Fresh Water in a Semi-Arid Region Affected by Mining Pollution. 
5 Enhancing Water Harvesting through the Cascading Effect 
6 Progress and Expectation of Atmospheric Water Harvesting 
 
1. An article detailing an experiment run in Iraq suggests that AWH systems have an 
optimum air flowrate across the evaporator that can be determined experimentally. The 
article also advised avoiding any buildup of frost on the evaporator fins and tubes as this 
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causes the water production to decrease and power consumption to increase. (Talib, 
2019) 
 
2. A comparison study of commercially available AWH systems rated at 30L/day at 
1500W, found that efficiency in terms of L/kWh spikes when the atmospheric conditions 
are cool and have a high relative humidity.  However, the lowest power usage was found 
in warm and humid conditions. The researchers had assumed that the optimal temperature 
for the evaporator would be near freezing (32°F). However, they found that this was not 
necessarily the case for all atmospheric conditions. The general trend indicates that 
efficiency increases as the water content in the air and dewpoint temperature both 
increase. (Bagheri, 2018) 
 
3. A master’s thesis at Cal Poly researched several different methods of harvesting water 
from the atmosphere. The most relevant part of the Master’s student’s project involves 
the vapor compression cycle. The student used a similar design but had four evaporator 
units connected in series (two in front and two behind). The final configuration had ball 
joins so that one set of evaporators could be bypassed and yield a different configuration. 
Multiple configurations of components could potentially help optimize efficiency and is 
considered a possible research topic. This report also suggested that there is an optimum 
air flow rate over the evaporator.  Too low of a speed would prevent enough water from 
moving through the evaporator to have a high efficiency. Too high fan speed led to using 
power on cooling air that did not yield condensate. This meant some percentage of power 
did not contribute to condensing the maximum amount of water, which lowered the 
efficiency of the system. The report also looked at the effect of “pulsing” the fan speed 
for a short interval to knock off water droplets of the evaporator fins.  The reasoning 
behind this was that a bare surface is better for condensing and reduces the effect of 
jacketing. (Hand, 2019) 
 
4. A feasibility study on the design of an AWH mainly covering the basic thermodynamic 
equations required to analyze a vapor compression cycle (specifically to find the air 
flowing across an evaporator). The article also reported a cost analysis for an AWH and 
calculated that the cost per liter of water produced ranged from $0.0093 to $0.038/L in 
January and February respectively. The benefits of AWH systems can clearly be seen, 
especially for places with little to no access to clean water. The study also found that 
decreasing the amount of dehumidification would decrease their hypothetical efficiencies.  
Therefore, a vapor compression AWH would be best designed to dehumidify as much as 
possible to maximize efficiency. (Mendoza, 2019) 
 
5. A journal article discusses the benefits of having passive harvesting components in an 
active harvesting system. The researchers created a microstructure array of bumps on a 
flat surface in the shape of two half cones stacked base to base. The purpose of these 
bumps is to collect the small water droplets that are too small to drop down into the 
collection vessel and nucleate them so that they merge with other water droplets and 
eventually fall into the collection vessel.  The microstructure produced three times the 
amount of water compared to a flat plate at 90% relative humidity. While it’s outside the 
scope of this project to design a microstructure to collect small droplets, fin structure and 
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geometry are extremely important factors to consider when researching a new evaporator. 
(Ting, 2019) 
 
6. In a case study detailing the performance of AWH systems, a general overview of how 
the system works was described to give a better of understanding of how to improve the 
system. The idea behind the AWH system is latent heat converts water vapor into water 
droplets. To condense water, the vapor must reach the dew point temperature; it requires 
less energy the closer the ambient temperature of the vapor is to the dew point 
temperature. Conventional cooling systems consist of an evaporator, compressor, and 
condenser. The latent heat is transferred to a coolant in the evaporator. The coefficient of 
performance (COP) can help determine the efficiency of a device because it determines 
how effective the heat transfer to the working fluid is compared to the energy put into the 
device. (Yaodong, 2018) 
2.3 Similar Products 
 
Each existing similar product is compared to one another using its efficiency and design. As the 
scope of this project is to improve the efficiency of the current device, dehumidifying products 
that produce drinkable water will not be considered and the focus is to be placed on 
dehumidifiers. Notable similar products are shown in Table 2.  The existing AWH system that 
will be improved in this project currently has an efficiency of 1.4 L/kWh.  
 
Table 2. Similar Products 
Product  Specifications 
 
 
Figure 1. Inofia CFT4-0D Dehumidifier 
• Efficiency is 2.41 L/kWh 
• This is the efficiency benchmark that the 
AWH needs to meet 
• Costs $1,098 
 
 
Figure 2 Dri-Eaz F413 Revolution LGR Dehumidifier 
• Efficiency is 2.21 L/kWh 
• Utilizes low grain refrigerant 
• Costs $1,930 
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Product  Specifications 
 
 
Figure 3. Energy Star Certified Dehumidifier – Quest 
Dry 105 
• Efficiency is 4.2 L/kWh 
• Costs $2,441.95 
 
 
 
Figure 4.  Seaira Global Watchdog 900 Dehumidifier 
• Efficiency is 2.87L/kWh 
• Cost is $1,200 
 
 
Figure 5. Watergen- Gen 350 
• Efficiency is 3.03 L/kWh 
• Cost is $30,000 
 
NOTE: The efficiencies listed in the table are reported at ideal conditions, except for the Inofia 
which was tested to determine the reported efficiency. 
2.4 Patents 
 
Several patents for AWH systems have left us with possible ideas for our own design with 
regards to improving efficiency. Notable patents and their takeaways are listed in Table 3. 
Patents Researched.  Following the table is more information on a couple more pertinent patents. 
 
Table 3. Patents Researched 
 Patents Takeaways 
1 
Evaporator with Enhanced Condensate 
Drainage (Patent# US20020195235A1) 
Air fin orientation, geometry, and dimensions 
makes a significant impact on drainage [Falta] 
2 
Atmospheric Water Harvesters  
(Patent# US8627673B2)  
Sensible heat must be removed prior to the 
evaporator where the latent heat can be 
removed and moisture condensed from the air 
[Hill] 
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 Patents Takeaways 
3 
Atmospheric Water Harvester with 
Variable Cooling (Patent# 
WO2011028199A1) 
The ability to regulate condenser air flow 
allows the system to thaw if ice or frost has 
formed [Preston] 
4 
Apparatus and Method for Atmospheric 
Moisture (Patent# US6945063B2) 
Gravity can be used to passively move 
condensate from air fin to transmission tube 
[Max] 
5 
Apparatus for Producing Filtered 
Drinking Water (Patent# US5517829A) 
Thermoelectric refrigeration unit can be used in 
place of standard refrigeration system 
[Michael] 
 
1. A patent for an evaporator with enhanced condensate drainage documented the effects of 
corrugating air fins to improve drainage. The shape of the corrugation within that cell, in 
terms of radius and relative louver length, is determined and optimized using different 
parameters for fin pitch, louver length, crest radius, and plate spacing. Based the results 
of empirical testing and computer modeling, optimal ranges of those parameters have 
been determined to maximize heat flow performance, air pressure drop through the fin, 
and water retention on and in the fin (Falta, 2019). Though this may be out of scope for 
this project, it brings up fin geometry as a possible path for improvement. 
 
2. A patent for variable pre-cooling in an AWH brings up the idea of improving efficiency 
by recycling the outputs of the thermal cycle. The current design utilizes this effect 
through the evaporator. However, this patent uses a variable speed compressor to vary the 
degrees to which the incoming air is cooled initially. Time is another factor that we may 
consider in designing the AWH system. (Hill, 2011). 
2.5 Additional Research 
 
The AWH functions by cooling down the air to condense water, yet water vapor only comprises 
a small portion of the air itself. For this reason, the team has began looking into water vapor 
selective membranes to facilitate a more controlled system where the energy required for cooling 
will used solely for water vapor. The findings of our research from the documents listed Table 4 
are summarized following the table. They are both written by Daniel Bergameir from the 
Eindhoven University of Technology. 
 
Table 4. Water Selective Membrane Research 
1 Design of a system for humidity harvesting using water vapor selective membranes 
2 Modeling of a water vapor selective membrane unit to increase the energy efficiency 
of humidity harvesting  
 
1. This is a research document discussing the design considerations for humidity harvesting 
with water vapor selective membranes. One of the key elements for a water selective 
membrane to work in tandem with the system is a driving force for the permeation of 
water vapor. (Bergameir, 2015). This can be achieved via a partial pressure difference 
across the membrane, which can be achieved via a vacuum pump. The diffusive speed of 
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water vapor can be increased by reducing the pressure on the inside or by changing the 
permeability of the membrane material. However, when working at temperatures above 
the freezing point, there will be a large vapor loss. In a perfectly sealed membrane 
without any leakage, the cooling surface would act like a pressure regulator since the 
temperature of the surface determines the saturation pressure of water vapor. The 
continuous influx of more water vapor would result in the condensation of water. For a 
given power input, the amount of freshwater produced is doubled with a membrane 
addition. 
 
2. This research document covers the modeling of vapor selective membrane units to 
increase their effectiveness. The study considers the various methods of modeling the 
permeability of the membrane but utilizes the random walker approach as other methods 
like commercial CFD and mass transport through finite volume methods were limited in 
permeability simulations. (Bergameir, 2012). The random walker approach represents the 
water vapor molecules in the air with a set of simulated particles subject to molecular 
diffusion. The length, radius, and applied pressure drop over the membrane fibers were 
varied across ranges to test the model against CFD simulations. The random walker 
model agreed well with results of commercial CFD as well as an actual model. The study 
concluded that the energy demand for water production could be reduced by more than 
50% if the conditions of the membrane were optimized. If a water permeable membrane 
were to be added to the AWH system, it would fit well with current process of testing and 
optimization of the operating parameters.  
3.0 Objectives  
 
Dr. Peuker has been conducting research on the topic of atmospheric water harvesting for several 
years and has a system developed by a previous senior project group.  This device was found to 
be inefficient compared to the commercial dehumidifiers on the market. As a result, Dr. Steffen 
Peuker needs a way to optimize the current AWH design to improve the efficiency of the device 
to match commercial standards. The Inofia dehumidifier in Table 2 will be used as a baseline for 
efficiency. 
 
The boundary diagram developed for this project is shown below in Figure .  A boundary 
diagram is a pictorial representation of the problem and shows what is within and outside the 
scope of the project.  The area and components encompassed by the dotted line represent 
everything that is within the scope of the project.  For this project, that includes all the 
components of the AWH- the evaporator, condensing unit, expansion valves, measurement 
equipment, and the platform on which the system rests.  Items outside the dotted line represent 
factors of the overall design that are outside the scope of this project and will not be changed or 
are beyond the control of the team.  They include the power source for the system as well as the 
atmospheric conditions in which the system will run. 
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Figure 6. Boundary Diagram 
3.1. Customer Needs/Wants 
 
Through conversations with Dr. Peuker and research into previous designs and reports, a list of 
wants and needs was developed for this project. Customer needs are considered as vital 
requirements to the system; the project would not be successfully completed unless these needs 
are met. Wants are requirements that would be beneficial to the system if implemented, but are 
not crucial to the achievement of project goals.  A full list of these wants and needs are listed in 
Table 5. 
Table 5. Wants and Needs Specifications 
Needs: Wants: 
High efficiency Components individually powered 
Runs on 110 V grid power System adjustability 
Collects data Sturdy 
Utilizes vapor compression cycle Ease of use 
Portable  
Safety  
3.2. Quality Function Deployment 
 
The quality function deployment (QFD), shown in Appendix A, provides a way to turn customer 
wants and needs into engineering specifications through ranking the customer needs by 
importance and comparing engineering specifications to current designs and products.  This 
process began by defining the user and their wants and needs, which were placed in the “who” 
and “what” sections accordingly. Correlating engineering specifications for the wants and needs 
were then populated into the “how” section and the relationship between the specification and 
each want/need was ranked.  From these rankings, a maximum relationship for the importance of 
a want or need to the customer was then calculated. The team then populated the “who vs what” 
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section quantifying how important a want or need was to the customer scaled to the maximum 
relationship.  On the right side of the QFD, current products were listed and graded for how well 
they fulfill the wants and needs defined by Dr. Peuker and his research group.  Finally, the 
bottom the “how much” section was filled in, which gives the target values for the defined 
specifications. These target values are then compared, and existing products are graded on their 
ability to achieve these target values. 
 
The results of the QFD helped highlight which of the customer wants/needs were the most 
important and which engineering specification would be used to meet that want/need.  The 
efficiency of the atmospheric water harvester is the main focus of the project, so the QFD helps 
to demonstrate that by having efficiency rated as a 9.  Additionally, it serves as a way to easily 
inspect which wants/needs will be given more focus as they are more important to the success of 
the project, i.e. efficiency, portability, and running on electricity.  Similarly, it is easy to see that 
cost and independent components are areas of less weight so they will inform the design but will 
not be a main influencer on decisions. 
3.3 Engineering Specifications and Risk Assessment 
 
Table 6. Engineering Specifications lays out the engineering specifications from the QFD and 
shows the tolerance, target values, risk assessment, and method of proving compliance for each 
one.  Risk is measured as high, medium, and low and compliance can be proved through one or 
more of the following methods: testing (T), analysis (A), similarity (S), and inspection (I).  It 
should be noted that the height, length, and width specifications have been modified from the 
PDR report.  These specifications now represent the total envelope of the entire system including 
the cart on which it sits whereas before these specifications were only for the vapor-compression 
cycle itself. 
 
Table 6. Engineering Specifications 
Spec # 
Specification 
Description 
Requirement 
or Target 
(units) 
Tolerance Risk Compliance 
1 Efficiency 2.5 L/kWh Min H A, T 
2 
Variable Fan 
Speed 
800 cfm* Max L A, T 
3 Height 48 in ±12 in L I 
4 Width 30 in ±12 in L I 
5 Length 44 in ±12 in L I 
6 Cost $3000 Max M A 
*This is a rough estimate based on the current AWH system. 
 
The methods for making sure these specifications are met are listed below: 
1. Efficiency: This will be measured both through analysis and testing.  Testing will include 
collecting data for temperatures, pressures, power consumed, water harvested, time of 
test, and atmospheric conditions.  Using this data, the efficiency in units of L/kW-hr can 
be calculated directly.  Then, temperature, pressure, and atmospheric data can be used to 
calculate a theoretical yield for the system. 
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2. Variable Speed Fan: The fact that the fan will be variable speed will be a given.  The 
range of fan speeds will be researched, and approximate flowrates will be calculated.  
Once the fan is mounted on the system the actual flowrates achieved will be measured 
using a flow hood. 
3. Size:  Specifications 3-6, in Table 6, will all be measured for compliance in the same 
manner.  If all the components of the system are able to fit in the 48x30x44in envelope 
and fit through the double door in the HVAC lab the dimensions will be within the given 
tolerances and the specification will be met. 
4. Cost: Cost will be kept track of in an accounting spreadsheet that will be updated 
regularly.  This spreadsheet will be the main analysis tool for staying within the budget of 
$3,000. 
 
For this project, there is only one high risk specification and that is meeting the target value of at 
least 2.5 L/kW-hr efficiency.  This is the main specification for the entire project.  It is the most 
important metric to the customer and is considered a need by Dr. Peuker.  This specification also 
requires the most analysis and research into the current AWH system, its shortcomings and how 
the performance can be improved.  This specification will undoubtedly require the most amount 
of time and resources dedicated to it out of any other specifications.  Confidence is high that this 
specification can be met as a new system does not have to be built from the ground up and there 
is already a current system to adapt.  Because of this, the ways in which the system can be 
changed are clear and are accomplishable.   
 
There are some other constraints for this project that are not necessarily numeric measurements 
but are still important. The system must be a vapor compression cycle and run on R134a 
refrigerant.  Additionally, it must run and be able to plug into a 110V outlet as well as be able to 
collect data in the form of pressure readings, temperature readings from thermocouples, and 
power readings from a digital power meter. Lastly, it must have the ability to power components 
(such as the fan and compressor) separately by using the individually switched power meter that 
is currently in use on the existing AWH. 
4.0 Concept Design 
 
The main goal of this senior project is to improve the efficiency of the current atmospheric water 
harvester.  In order to achieve this, the team has chosen to focus on selecting a new evaporator 
with a greater effective fin area.  The current evaporator has a fin spacing that is quite spread out 
at about 7 fins/inch (fpi).  This fin spacing was initially chosen during the construction of the 
AWH because it was believed that too small of a fin spacing would prevent water from draining 
effectively.  Allowing ample space for water droplets to form and collect drainage would be ideal 
as efficiency would not be influenced by fin jacketing. This occurs when there is a “jacket” of 
water around the fin that limits the transfer of heat. This theory was disproven by recent testing 
on the AWH and Inofia industrial dehumidifier.  Testing showed that the dehumidifier, which 
has 15 fpi, consistently had efficiencies about 1 L/kW-hr greater than the R134a vapor 
compression AWH in all atmospheric conditions.  This proved that the fin spacing in the 
evaporator can be much smaller without causing the system to suffer from the effects of 
jacketing and poor drainage.  These factors made the evaporator the obvious component to 
replace. 
11 
 
The selection criteria for potential evaporator were as follows: 
• At least 15 fins per inch 
• Under $1000 
• Would ideally fit in current housing: 12.5” x 16” x 3.5” (H x W x D) 
• Optimized for use with R134a refrigerant 
• Must be larger than the input side of the compressor (3/8” Pipe) 
• Slab-type evaporator 
• Capacity no greater than 0.5 tons of refrigeration 
 
4.1 Initial Evaporator Selections 
 
During the initial stages of research, the team searched for evaporators that were larger in size 
that would provide an increased fin area.  However, these evaporators could not be so large that 
they could not fit on the cart upon which it would sit.  It was found that evaporators used 
primarily in commercial HVAC applications fit these criteria and so these types of evaporators 
were investigated more in depth.  These evaporators were larger in size and boasted coil face 
areas 70-150% greater and coil depths 70-86% greater than the current Heatcraft evaporator on 
the AWH.  In addition, more passes of the tube through the coil would create even more fin area.  
These evaporators would come with cases on which it would be possible to mount the variable 
speed fan that is part of the current system.  Two evaporators met our selection criteria: one from 
Goodman Manufacturing and one from Bryant Heating and Refrigeration.  The specifications for 
these evaporators can be found in Table 7.  It should be noted that both evaporators are intended 
for use with R410a.  While it is true that one of the selection criteria is that an evaporator should 
be intended for use with R134a (because that is the refrigerant type that the current compressor is 
specified to use), evaporators intended to use other refrigerants can be utilized as long as 
precautions are taken, specifically with the inner diameter of the tube.  For the evaporators listed 
in Table 7, the liquid side connection pipe had an ID of about 0.87in compared to the 0.31in ID 
of the current tubes. Therefore, pressure drop would not be a problem through the evaporator. 
 
Table 7. Initial Evaporator Choices 
Evaporator 
Refrigerant 
Type 
H (in) W (in) D (in) 
Capacity 
(tons) 
Fin 
Spacing 
(fpi) 
Cost ($) 
Goodman 
CSCF1824N6 
R410a 21 24 6 1.5-2 18 450 
Bryant 
CSPHP2412ALA 
R410a 21.125 16.063 6.5 2 ~16 ~400 
 
While these evaporators had advantageous effective fin areas and fin spacing, upon review from 
project sponsor Dr. Peuker, we needed to consider an additional critical selection criterion, 
specifically maximum evaporator capacity. The capacities of the evaporator coils found were 
around one and a half to two tons (18,000-24,000 Btu). The current compressor used by the 
water harvester to pump refrigerant through the evaporator has a capacity of 4,350 Btu.  It is 
advantageous for the evaporator capacity to be sized up from the compressor capacity; however, 
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there is a maximum amount that the evaporator can be sized up to while maintaining a favorable 
efficiency.  Regarding this case, the team was instructed by Dr. Peuker that the evaporator can 
have a capacity no larger than 30% of the compressor’s capacity. If the evaporator capacity is 
greater than 30% of the compressor’s, the flowrate through the system would be too low and 
there would be a detrimental effect on efficiency.  As a result, the new evaporator can be no 
more than about 5,600 Btu, which is slightly less than half a ton.  The evaporators with face 
areas as large as the Goodman and Bryant also need to take into consideration that they would 
not be efficient with the current 12” diameter fan.  When the fan pulls air through the evaporator, 
the air will only interact with the fins that are in the cylinder roughly defined by the thickness of 
the coil and face area of the fan.  In other words, any fins outside the area of the fan will have 
minimal interaction with the air and will not condense water effectively.  With the chosen 
evaporators, up to 75% of the fin area would be unused but it would still require power to move 
refrigerant through that space.  For these reasons it was concluded that these evaporators could 
not be used, and a new solution must be found. 
4.2 First Iteration of Evaporator Selection 
 
Evaporators used in commercial HVAC are not made with capacities less than 1 ton and 
therefore new types of evaporators had to be explored.  Along with capacity, it was also 
important to keep the tube diameter and type of refrigerant intended for use in the evaporator in 
mind.  Too small of a pipe diameter and the evaporator would not be compatible with the current 
evaporator.  Additionally, evaporators designed for use of refrigerants other than R134a can 
prove problematic for reasons stated previously.  There were a few concept ideas that were 
thought of for replacing the evaporator.  The first was that two lower capacity evaporators could 
be purchased and be put in parallel or in series.  The second was that an automotive evaporator 
coil could be utilized.  With both ideas in mind, the research process began again.  From this 
research three types of evaporators were found to be viable options: evaporators taken from 
window air conditioning units, automotive evaporators specifically from semi-trucks, and a 
custom-built evaporator built by a third-party company that specializes in custom built 
evaporators. 
 
For the window AC and automotive evaporators, the optimum choice was made by narrowing 
down many choices to find the best choice for our system.  In the case of the window AC 
evaporator, very few are made to have a capacity of 6000 Btu or less and so one was chosen that 
had a capacity of 5000 Btu and would fit decently in the current evaporator case.  This unit was 
the Perfect Aire 5PMC5000 Window Air Conditioner.  As for the automotive evaporators, there 
were many viable options.  All of these options were evaporators used in semi-trucks.  
Evaporators of this kind were narrowed down to four top choices and then were compared to 
each other and the International 9400i SBA -6-15.0L A/C Evaporator Core was selected.  
Technical specifications and the decision matrix for deciding on the optimum automotive 
evaporator can be found in Appendix B.  The new evaporators that will be weighed against one 
another and their specifications are listed in Table 8. 
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Table 8. Proper Capacity Evaporators 
Evaporators Refrigerant 
Type 
Size 
 (in, H x W x D) 
Capacity 
(BTU/hr) 
Fin 
Spacing 
(fpi) 
Cost ($) 
 
Window AC 
Evaporator 
R410a 16x12.25x13.25* 5000 11-12 155 
Automotive 
Evaporator 
R134a 9.8  x 15.4 x 2.5 
 
Unknown 14 123 
Custom 
Evaporator 
R134a 12.5 x 16 x 3.5 12,200 16 812 
*This is the depth of the window AC unit not the evaporator coil itself 
 
4.3 Selection Process 
 
To determine the evaporator that would replace the current evaporator component, a high-level 
list of pros and cons of the evaporators listed in Table 8 was developed and can be found in 
Appendix C.  A decision matrix, Table 9, was then created to weigh the three evaporators in 
Table 8 against one another.  The fin spacing, refrigerant type, and relative capacity 
specifications were weighted the highest on the decision matrix for a few reasons.  Looking at 
the current evaporator coil and comparing it to the evaporator coil on the Inofia dehumidifier, it 
was apparent that the fins were farther apart.  The current evaporator has about 7 fpi while the 
Inofia has 16 fpi. Thus, this became the main focus when conducting research and narrowing 
down the possible evaporator coils.  Then, since the system currently runs off R-134a refrigerant, 
the new evaporator coil would ideally run on R-134a as well for ease of implementation.  
Finally, the capacity was an issue that led to an iterative research process; therefore, it was an 
important specification when it came to selecting an evaporator coil to purchase.  Testing and 
data from the previous evaporator coil determined the weight and specifications for the potential 
evaporators to be weighed against. 
 
Table 9. Final Decision Matrix for Evaporator Selection 
Specification Weight Window AC Automotive Custom 
Refrigerant Type: R-134a 4 1 5 5 
Total Envelope: 2 3 4 5 
Fin Spacing:16-18 fins/in 5 2 3 4 
Pipe Compatibility: 3/8” 3 4 3 4 
Relative Capacity: <6000 Btu 4 4 4 5 
Distributor 1 2 4 2 
Intended Application 3 4 3 5 
Price ≤ $1000 2 4 4 2 
Lead Time 2 3 3 2 
Total 
 
76 95 107 
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The results of Table 9 suggest that the custom evaporator should be purchased as the 
replacement.  As the custom evaporator is made to the specifications desired for this atmospheric 
water harvester based on specified constraints, it seems the decision matrix has produced the best 
option out of the three.  The downside to the custom evaporator is the price of a little over $800 
as well as the lead time of 3-4 weeks.  However, the potential gains from implementing this 
evaporator far outweigh these concerns and the custom evaporator is the best choice for this 
project and for these reasons the team has decided to pursue the purchase and implementation of 
the custom evaporator from the Coil Replacement Company. 
4.4 Testing 
 
Now that the new evaporator has arrived, it must be quickly integrated into rest of the system so 
that testing may begin as soon as possible.  In order to test the new system, temperature, 
pressure, atmospheric conditions, power, air flowrate, and captured water data will need to be 
collected.  The current system has three pressure gauges, two gauges measuring low side 
pressure of the refrigerant at the inlet and outlet of the evaporator and one gauge to measure high 
side pressure at the inlet to the expansion valve.  These gauges and their positions will be carried 
over into the new design. The current design also uses thermocouples to measure air and 
refrigerant temperature.  Thermocouples are placed at the air and refrigerant inlets and outlets of 
the evaporator, inlet and outlet of the compressor, and the inlet and outlet of the condenser.  
These thermocouples will also be adopted into the new system.  Additionally, there is a power 
meter that attaches to the power cord that will be adopted into the new system. Air flowrate 
through the evaporator at different fan speeds will be measured using a flow hood. 
 
Tests will be run in a similar fashion as how they have been run previously.  That is the device 
will be turned on and allowed to run to reach steady state.  Once steady state water drainage from 
the evaporator is achieved, a test will be started and all pressure, temperature, and power 
readings will be recorded as well as the current atmospheric conditions and weight of the vessel 
being used to collect water.  The test will be run for a pre-determined amount of time and once 
that time has expired, the water collection vessel will be removed, weighed, and data mentioned 
above will be re-recorded.  The data from the average power used, weight of water collected, and 
time elapsed during the test can be used to determine the efficiency of the AWH in the units of 
L/kW-hr and the temperature, pressure, and atmospheric condition data can be used to create a 
model of the system so that the ideal production and efficiency of the device can be simulated. 
4.5 Risks/ Challenges 
 
For this project, a design hazard checklist, seen in Appendix D, was completed.  The main 
takeaway from the checklist is that there are a couple of potential hazards, mainly due to the use 
of refrigerant R-134a in the system.  R-134a is a pressurized fluid that can reach very high 
temperatures when in use.  Dr. Peuker is licensed to handle this material and will be the only one 
to work with the refrigerant to reduce the risk of accident or injury. Dr. Peuker will be notified 
when components need to be removed, added, or altered, so that the refrigerant can be removed 
beforehand.  Once the refrigerant is drained, the senior project team will be able to work on the 
water harvester.  
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A risk, but not necessarily a hazard for this project, is the cost and lead time for the custom 
evaporator.  Since it appears that fin spacing plays an important role in the amount of water 
collected, and as a result the overall efficiency, the custom evaporator seems like the best option.  
The budget for a new evaporator was $1000 or less, so this is a large portion of that budget.  The 
lead time for the custom evaporator coil to arrive is also a risk; however, there is time built into 
the timeline to anticipate this.  The goal for testing is January and February, so as long as the 
current evaporator is removed, and the atmospheric water harvester is ready for the new coil 
when it comes there should not be any issues. 
 
A challenge for this project is also the reconfiguration of the piping that connects the 
components.  Currently, the piping is brazed and might have some flaws that are leading to 
inefficiencies in the system.  Replacing the components will most likely lead to reconfiguring the 
pipes.  If this is the case, a decision will need to be made between fittings and brazing.  In the 
case of brazing the pipes together, care will need to be taken in order to not decrease the 
efficiency with the cracks or part of the braze creating a blockage in the pipe. 
5.0 Final Design 
 
For the final design of this atmospheric water harvester, the process is very much an iterative 
one.  It began with two rounds of research and selection for an evaporator that was compatible 
with the current system that would improve the efficiency of the system.  Now the evaporator is 
in the process of being integrated into the system and then will be tested.  Those testing results, 
in conjunction with the condensing unit research, will dictate whether or not the current 
condensing unit should be replaced.  These decisions will be made with the design specifications 
in mind, the most crucial being to improve the efficiency of an existing R-134a atmospheric 
water harvester to be better than a commercial dehumidifier. 
 
That being said, the design has the same functionality as the original system with the exception 
that the efficiency will be hopefully an improvement over the old system.  After analyzing 
testing data, a final design will be decided upon for the water harvester.  The system has the new 
custom-built evaporator, new pipe configurations, and will potentially have a new condensing 
unit down the line should it be decided replacing the condensing unit will help to increase the 
overall efficiency.  Figure 7 helps to illustrate the evaporator in the housing and what the new 
pipe runs will look like.  It is important to note that the 90º bends modelled are not actually sharp 
corners on the pipes themselves as each pipe has a minimum bend radius. 
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Figure 7. New pipe configuration for the new evaporator 
 
Another part of the final design for the atmospheric water harvester is the addition of a 
thermocouple mesh in order to have more accurate temperature data that is used for analysis of 
the system’s idea conditions. 
5.1 System Design 
 
The design that was decided upon for CDR, is centered around replacing the evaporator 
component in the system.  It was decided that the best way to try and improve the efficiency was 
by isolating components to change.  The first component selected for optimization was the 
evaporator based on experimental results and sponsor feedback.  For PDR, the main deliverable 
was the selection of a new evaporator; a custom evaporator was ordered to replace the existing 
one.  The new evaporator is the same style of heat exchanger as the original system.  The old 
housing that the previous evaporator coil came with was reused for the new evaporator.  The new 
evaporator was built with a couple specific design requests, such as the fin spacing and the 
overall dimensions of the coil itself.  Since the housing came with the evaporator that was 
already in the system, it was made for that specific evaporator.  In order to reuse the housing, 
brackets needed to be fabricated to fit the sheet metal flanges of the evaporator coil for mounting 
and stability purposes, as illustrated in Figure 8.  The reason the housing was reused is because 
the fan is already part of the housing and the idea was to keep the same variable speed fan.  The 
brackets were necessary because the motor for the fan is also internal to the housing for the 
evaporator, so the back of the housing is some distance away from where the evaporator ends. 
 
 
Figure 8. Evaporator fitted with brackets 
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5.2 Design Justification 
 
Since detailed analysis of this system would require in depth modelling of the evaporator and 
condenser as well as computational fluid dynamics (CFD) analysis, the only true way to prove 
that our final design will meet the design specifications is to preform prototype testing.  
Attempting to do analysis by hand or computationally would constitute its own year-long project.  
However due to delays, fully testing the prototype was not possible before the authoring of this 
report.  The prototype will be ready to test soon, but for now the evidence that our final design 
will meet the design specifications lies primarily in the increased surface area of the evaporator.  
The previous evaporator had an effective fin surface area of approximately 42 ft2 and the Inofia 
industrial dehumidifier has an effective fin surface area of approximately 205 ft2.  The new 
evaporator from CRC has roughly the same face area that the previous evaporator had but is 
1.25” thicker and surpasses the 15.5 fins/inch fin spacing of the Inofia dehumidifier at 16 
fins/inch resulting in a surface area of 135ft2.  This is a 222% increase in surface area between 
the previous evaporator and the new custom one, and while it still has less surface area than the 
Inofia dehumidifier, the condensing unit on the atmospheric water harvester requires an average 
power of about 507 W compared to the 860 W required by the dehumidifier.  With the more 
comparable surface area to that in the Inofia device at the same power requirement, the 
efficiency of the new atmospheric water harvester can surpass the specified 2.5 L/kW-hr mark 
set as the goal for this project.  However, this kind of prediction is a difficult one to make.  The 
new evaporator is going to change the COP of the AWH system which will result in an increase 
of average required power input into the device.  This will bring down the efficiency of the new 
AWH system but it is still believed the new system will be able to outperform the Inofia 
dehumidifier.  Table 10 outlines the differences between the old and new evaporators and how 
they compare to the evaporator on the Inofia dehumidifier.  The area in Table 10 that is boxed is 
the values of the effective fin area and average power requirement. 
 
Table 10. Comparison of Previous and New (CRC) Evaporators 
Evaporator Coil 
Face 
Area 
(in2) 
Coil 
Depth 
(in2) 
Fin 
Spacing 
(fin/inch) 
Fin 
Thickness 
(in) 
Effective 
Fin Area 
(ft2) 
Average 
Power 
Requirement 
(W) 
Previous 
Evaporator 
196.9 2.28 7.5 0.010 42 507 
CRC 194.4 3.5 16 0.006 135 507+ 
Inofia 218.2 4.5 15.5 0.005 205 860 
 
As for the air flowrate through the system, it is ensured that it will be below the maximum 
flowrate of 800 cfm.  It is not beneficial to have flowrates at this magnitude because if the air 
moves over the fins too quickly, there is not enough time for sufficient heat transfer to occur 
between the refrigerant and the air making it more difficult for the water to condense on the 
coils.  The maximum flowrate through the old system was about 520 cfm and because the CRC 
evaporator is more densely packed with fins and the same fan is going to be used, the maximum 
flowrate will surely be smaller.  Having a smaller flowrate than the old evaporator is not 
necessarily bad.  Every system has an optimum flowrate, so while the old system had a 
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maximum flowrate of 520 cfm, through testing it was determined that the optimum flowrate for 
efficiency was at 300 cfm.  As long as the optimum flowrate is within the range of the new 
system is what matters most and this will be true for the new system with the CRC evaporator. 
5.3 Compressor/Condensing Unit Decision 
 
The next major decision for this project is whether or not the condensing unit should be replaced 
in order to further increase the efficiency.  Since PDR, preliminary research was conducted to 
see what the options are for condensing units that are compatible with the capacity of the 
atmospheric water harvester. Unfortunately, most commercial condensing units for R-134a with 
a power supply of 115V are limited to a capacity of 0.5 tons of refrigerant. For the condensing 
unit to achieve a capacity of 1 ton, it would require a complex integration of condensing units in 
parallel/series. The entire AWH system would need to be removed and relocated as the current 
cart is not large enough to accommodate another condensing unit without significant 
modifications. Even if the capacity of the condensing unit was improved to match the capacity of 
the new evaporator, there is no guarantee that the efficiency of the device will improve. Another 
option would be to size a compressor that requires a larger power source.  Perhaps the cooling 
capacity of the device will improve as the capacity increases, but our purpose is not to increase 
the amount of cooling and improving the cooling may even incur losses. This decision has been 
postponed until results from the updated system have been obtained.  
6.0 Manufacturing Plan 
 
The result of PDR determined what evaporator to purchase and implement into the existing 
AWH system to improve efficiency.  The new coil that was decided on was the custom CRC 
evaporator coil that was made to fit important evaporator design criteria such as fin spacing.  
Once the evaporator arrived, modifications were necessary to use the same housing that was 
already integrated into the system.  That housing, or case, has the fan integrated into it which was 
a major driving factor for its reuse.  When the case was taken apart to remove the old evaporator 
coil, it was determined that brackets would be needed to mount the new evaporator in the case.  
This was because the old evaporator and case with the fan came together as a unit.  Since the fan 
is part of the housing, the depth of the housing is much greater than the depth of just the 
evaporator coil.  Thus, for stable mounting the fabrication of new brackets was necessary.   
 
Another part of manufacturing for this project is the actual installation of the evaporator to 
incorporate it into the system.  The brackets are necessary to properly mount the evaporator; 
fittings, and new copper piping are all required for evaporator integration.  The fittings are 
necessary to connect the piping together so that the refrigerant can flow reliably through the 
system.  For this system, copper reducers and couplings are needed in addition to the 
compression fittings since the piping of the system is of a different diameter than the piping of 
the evaporator coil.  The copper fittings need to be brazed on to the pipes.  The piping also needs 
to be reconfigured in terms of where it leaves the housing.  The pipes on the new evaporator are 
larger in diameter than the old one and so there is less room in the housing to bend pipes to come 
out the front as they did previously.  This required holes to be made in the side of the housing so 
the pipes could come out the side instead coming out in the front.  Coming out the side of the 
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housing also allowed for a better configuration of pipes that required less bending and shorter 
pipe. 
 
The last thing that needed to be manufactured for CDR was the thermocouple mesh to get a more 
accurate average of temperature.  Making the mesh allows for the HOBOware software to record 
a hardware average instead of what there was previously to measure temperature which was a 
single node sticking up in front where the air enters the evaporator.  The thermocouples (there 
are nine total nodes) were welded using a thermocouple welder and will be put in parallel using 
electrical caps so there is only one set of wires going into the plug.  It is best for only one set of 
wire to go into the plug since there is a space constraint. 
6.1 Current Evaporator Removal 
 
The first step in the modifications to the system to increase efficiency is to remove the 
evaporator and replace it with the evaporator that was selected during the preliminary design 
review.  In order to work on the system at all the refrigerant needed to be removed from the 
system, this must be done by someone who is licensed.  Dr. Peuker removed the refrigerant and 
will recharge the system once the it is ready for testing. 
 
Once the refrigerant was removed, the system could be worked on and modified.  The current 
housing includes the fan and is fastened together with screws that line up with holes on flanges 
of the evaporator that is to be removed.  The goal was to reuse the housing when fitting the 
system with a new evaporator.  In order to do so, two sheet metal brackets for behind the 
evaporator and two sheet metal brackets for the front of the evaporator need to be fabricated so 
the new evaporator has holes that line up with the housing.  This will provide ease of installation 
as well as maintain the stability the housing gave to the previous evaporator. 
6.2 New Evaporator Configuration 
 
The new evaporator has a depth that is about 1.25 inches longer than the old one; in order to use 
the existing housing that includes the fan, brackets were needed.  Four brackets were fabricated, 
two for the front and two for the back; the details can be found in Appendix E.  The sheet metal 
for the brackets was cut to size on the waterjet, the holes for fastening were punched and the 
flanges were bent on the brake.  The new brackets were sprayed with Rustoleum to have a layer 
of protection from rust as they will potentially be exposed to moisture.  These brackets were then 
fastened to the housing and evaporator to mount the evaporator in the housing.   
 
Additionally, integrating the new evaporator into the current system required new pipe 
configurations and fittings.  The supply and return pipes coming out of the evaporator coil are 
7/8” and the pipe sizes in the system are 5/8” and ½".  This created the need for pipe reducers as 
the 7/8” pipe needs to connect with the 5/8” pipe and the other 7/8” pipe on the evaporator needs 
to connect to the ½" pipe.  The fittings needed to be brazed onto the supply and return pipes of 
the evaporator.  Initially, the pipes were brazed on by a student technician at Mustang60; 
however, the connections showed signs of cracking. Cracks in the brazed connections would 
cause the system to leak refrigerant, which would render the entire system inoperable.  Due to 
these concerns, facilities personnel have been contacted to remove the brazing and re-braze the 
connections back on. 
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Once the new evaporator is completely installed, mounted, and brazed, a leak test will be 
performed to ensure that when the system is recharged it would not leak refrigerant.  The 
previous evaporator housing and fan had an acrylic box attached as a funnel.  However, the 
acrylic box was removed from the fan since it was not necessary. 
 
The piping configuration of the system also changed as a result of the new evaporator.  New 5/8” 
and ½” pipe were bent to connect the supply and return of the evaporator to the rest of the 
system.  To bend the pipe, tube benders for that specific size of pipe were used.  Initially, the 
pipes were brazed first and then bent; this would not be a recommended manufacturing process 
as when the 5/8” pipe was bent there were two issues.  Since the pipe was attached to the 
evaporator, it became a difficult to maneuver the pipe bender on and off. The presence of the 
system made it difficult to place the pipe bender in the correct position to bend the tube.  As a 
result, a new piece of ½” pipe was cut and bent more efficiently without the impediment of a 
brazed attachment. In addition to changing the order of the manufacturing process, a stiff wire 
was used as template and to avoid bending the pipes in the wrong spot.  The wire was bent in the 
places where the pipe would be bent to see how the pipe run would look.  This wire was then 
used to see what length of pipe should be cut for that section.  The second issue with having the 
pipes brazed prior to bending was the stress it put on the evaporator itself.  Bending the pipes 
while they were brazed on called for a lot more caution as to not damage the evaporator coil 
since the tubes coming out are fairly soft. 
6.3 Brazed Fittings and Bulkhead Unions  
 
The process of acquiring fittings and bulkhead unions for the piping network can be broken 
down into three major stages: research, selection, and logistics. During the research phase, 
several types of connectors were evaluated. Since the primary goal was to integrate the new 
evaporator into the current piping network, only two types of fittings were needed: diameter 
reducers and pipe couplers. The two main types decided on are copper fittings and compression 
fittings.  
 
After consulting Dr. Peuker and conducting online research, two vendors emerged with viable 
solutions. Swagelok offered both bulkhead unions and pipe diameter reducers primarily as 
compression fittings. This was a desirable attribute because the piping system was designed to be 
interchangeable and compression fittings are easily attached and removed. Unfortunately, their 
standard inventory did not include 7/8” to ½” pipe reducers.  If a custom part were to be ordered 
from Swagelok, the part cost and lead time would be significantly larger (about 4-6 weeks). 
Fortunately, Swagelok did have bulkhead unions in stock for ½” to ½” and 5/8” to 5/8”. These 
parts were ordered and arrived in ten days. It is important to note that in order to reduce lead time 
the ½ inch fitting was ordered in brass and the 5/8th inch fitting was ordered in stainless steel 
(Appendix E). 
 
Saez Distributers was one of the few manufacturers to sell the diameter reducing fittings that 
were required. According to their website, these parts would arrive within a week. However, that 
time estimate was highly inaccurate. Delays with filling the order caused the parts to be shipped 
four weeks behind schedule. Thus, the benefits of the comparatively low-cost Saez parts did not 
outweigh the negatives associated with the shipping delays. The highest priority was to finish 
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manufacturing quickly to start testing. Future orders for fittings should account for not only price 
and lead time, but also the reputability of the vendor.  
6.4 Thermocouple Mesh 
 
In addition to using testing data to calculate efficiency, the data will also be used to calculate 
ideal conditions for the evaporator.  To calculate the conditions an EES code will to be used that 
takes temperature as an input for various points throughout the system.  The temperature will be 
measured with the thermocouples that are plugged into HOBOware.  Currently, there are 7 
thermocouples for the system.  Each thermocouple goes into its own port and records from a 
single node.  In order to more accurately measure temperature a thermocouple mesh will be 
made.  This will provide a hardware average for the temperature.  A thermocouple mesh will be 
placed in front of the evaporator where the air enters.  For the inlet air temperature there is 
currently a single node in front of the evaporator coil where the air enters.  For a more accurate 
temperature measurement, a 9x9 thermocouple mesh will replace the single node.   
 
To make the 9x9 mesh, a thermocouple welder was used on the 20 gauge T type thermocouple 
wire.  Essentially, the thermocouple welder is like a spot welder that puts the two thermocouple 
wires in contact to make the node.  Wooden dowels construct the frame of the mesh and fishing 
line make the grid to which the thermocouple will be fastened.  In order to get a hardware 
average, all of the thermocouple wires have to eventually make it into a single plug that is 
plugged into the HOBOware.  To accomplish this, electrical caps are needed so that there are not 
nine pairs of wires trying to feed into the plug as they will not fit. The wires are connected in 
parallel with wires of similar metals going into a cap.  Thermocouples work by recording a mV 
difference between the two types of wires and that translates into an output of temperature.  
Thus, it is important when constructing the mesh that bare wires are completely in the caps or 
plug since any exposed wire will contribute to the difference in voltage and will yield an 
inaccurate temperature reading.  The temperature is used to calculate the ideal conditions in 
which the system should operate. 
7.0 Design Verification Plan  
 
To verify that the final design meets the specifications, a test for each specification has been 
devised and once carried out will give a definitive pass or fail result.  Some tests will be simple 
and more qualitative while others will be more complex, resulting in numerical data that will 
need to be analyzed.  The specifications and the tests required to verify them will all be outlined 
in this section and a summary in the form of a Design Verification Plan and Report spreadsheet 
can be found in Appendix F. 
7.1 Design Specifications 
 
The main design specification, around which the entire project hinges, is an increased efficiency 
from the previous system and an efficiency that is better than the commercial Inofia 
dehumidifier.  The efficiency of the system is measured by the amount of water collected by the 
device over a given time period in which the device is operating.  This specification has been set 
to an efficiency of 2.5 L/kW-hr under operating conditions of an outside dry-bulb temperature of 
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~60F and 80% relative humidity.  This corresponds to the same efficiency as the Inofia 
dehumidifier under the same operating conditions.  While this is only for one operating 
condition, the specification under all operating conditions is that the new AWH system 
outperforms the Inofia system.  
 
The other specifications are auxiliary compared to the efficiency specification.  This includes a 
maximum air flowrate of 800 cfm, height, width, and length dimensions of 48 in, 30 in, and, 44 
respectively, and cost not exceeding $3,000.  With the exception of the air flowrate, these other 
specifications are quantitative and only require a simple measurement.  The full list of design 
specifications and their tolerances can be found in Table 6. 
 
7.2 Testing Processes 
 
To test the specifications of total envelope (height, length, and width) only a simple 
measurement is needed.  This specification is mostly intended so that the system can be moved 
around easily and safely in and out of the HVAC lab storage room and therefore has loose 
tolerances.  The new system passed this test with height, width, and length dimensions of 48 in, 
35in, 44 in respectively.  Also, up to this point, the cost limit of $3,000 has not been exceeded as 
only $1,319 has been spent therefore the cost specification is being met. 
 
7.2.1 Fan Testing 
 
Before the efficiency specification can be tested, the fan speed and resulting flowrate through the 
system must be evaluated.  This is accomplished through flow hood testing.  To perform this test 
there are some facility and equipment needs.  First, the evaporator assembly needs to be fully 
assembled in the configuration that the system will be running in during a full test.  A flow hood 
with a mouth area greater than or equal to the face area of the evaporator is required and an 
adaptor is required if the flow hood does not fit perfectly around the face of the evaporator.  This 
adaptor can simply be made out of cardboard.  Because of the sensitivity of the flow hood, it is 
important that this adaptor fits closely to the face of the evaporator as well as to the mouth of the 
flow hood and that any gaps where air can flow are minimized or eliminated.  This test must take 
place somewhere where there is little to no airflow in the surroundings that would interfere with 
the airflow created by the fan.  Therefore it is best to run this test in a small, enclosed room 
where there is enough room past the outlet of the fan for the air to flow and not disrupt the 
stagnant air at the inlet of the flow hood and it is important that during testing there is minimal 
movement inside the room and that the doors stay closed.  A computer will be needed for data 
collection.  
 
Once these requirements have been met the fan test can be run.  The test will consist of multiple 
runs at different fan speeds to record the new air flowrates through the system at those speeds.  
To begin, the adaptor (if needed) will be placed at the air inlet to the evaporator so that it is snug 
and does not move.  The flow hood will then be calibrated by facing at against a wall to ensure 
there is no air flowing through it and taking a measurement.  To take a measurement the inner 
gate of the flow hood must be opened and then the button on the handle pressed.  This gives the 
uncorrected flow rate in cfm.  The inner gate must then be closed, and the button pressed again to 
give the corrected flowrate.  This must be repeated for every measurement and the corrected 
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flowrate will be the recorded flowrate.  If the flow hood does not read zero cfm while it is against 
the wall the measurement process must be repeated until it does, when this has been achieved the 
flow hood is calibrated.  Then the flow hood will be moved in front of the AWH system so that 
the mouth is aligned with the evaporator face.  From the previous senior project, the variable 
speed fan dial has been marked to show fan speeds that correlate with air flow rates of 220, 300, 
400, 500, and 610 cfm.  These number were for the old system and will no longer be accurate 
with the new evaporator, however we will use them as markers for what fan speeds to test and 
then write the correct numbers on the fan dial later.  The fan speed will be set to the 220 cfm 
setting and the flow hood will be moved into place and 10 measurements will be recorded and 
averaged.  This will then be repeated for the rest of the fan speed settings.  When this is done it 
will be known what air flowrates are actually being tested during the efficiency tests.  Formal 
procedures for fan testing can be found in Appendix G. 
 
7.2.2 Efficiency Testing 
 
With the air flow rates known, the efficiency can then be tested.  To get test ready any remaining 
pipe connections must be made and then tested for leakage.  This is done by pressurizing the 
system with nitrogen and spraying soapy water on all pipe connections.  If bubbles are seen the 
piping system will have to be fixed.  If no bubbles are seen the system will be left to sit overnight 
and then the pressure checked again the next day.  If the pressure has remained constant 
overnight, then the system has passed the leak test and is ready to be charged.  Once the system 
is charged it is ready to test. 
 
Preliminary testing will focus primarily on what air flowrate is the optimum flowrate to 
maximize the efficiency of the system.  To begin testing the test engineers will need both AWH 
and the Inofia dehumidifier systems, data sheets for both systems (these can be found in 
Appendix H), two extension cords, two water vessels (such as a measuring cup), a laptop, 
HOBOware thermocouple and power data loggers, a cable to connect to HOBOware data 
loggers, a small scale, a timer, a handheld device for measuring local temperature and relative 
humidity, and a flat space that is outside but sheltered from rain and wind and within range of 
two power outlets to perform the test.  To begin the test, the resting pressure inside the AWH 
system will be recorded.  The two systems will be placed outside, plugged in and turned on.  
They will be allowed to run for about 20 minutes or until the water drainage reaches a steady 
state.  Initial values of pressure, thermocouple temperature readings, atmospheric temperature, 
relative humidity, power, and water vessel weight will be recorded.  Then the water vessels will 
be placed under the drain tubes for each system, the timer will be started, and the start time of the 
experiment will be recorded.  Most tests will take around 10-15 minutes, however for tests in 
hotter and lower humidity conditions test may take up to 30 minutes.  Once the time has expired 
the vessels will be removed from the drain tubes, reweighed on the scale, and the test end time 
will be recorded.  Additionally, final measurements will be recorded for the variables that initial 
measurements were taken for, i.e. pressure, temperature, etc.  Once this has been done the fan 
setting on the AWH system will be changed to the next setting and another test will be 
performed.  This will be repeated until all fan settings have been tested. Once all tests have been 
completed the data from the data loggers can be extracted and saved to the computer and the data 
loggers can be turned off.  The Inofia system can then be turned off and left to dry.  For the 
AWH system, only the compressor will be turned off and the fan turned to high to allow for the 
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coils to dry.  Once the coils are dry on both systems, they will be completely shut off, unplugged, 
and stored. Formal procedures for efficiency can be found in Appendix I. 
 
Data from the datasheets as well as the data loggers will be transferred onto an online formatted 
data sheet that will contain the data for all previous tests.  The data from the loggers will require 
post processing in order to determine average temperature and power readings for the formatted 
data sheet.  These tests will be run over the course of several weeks in order to get data from 
many differing atmospheric conditions.  Once enough sample data has been collected the 
efficiencies can be plotted with their corresponding air flowrates and it will be determined what 
is the optimal air flowrate.  If it seems none of the fan settings correspond to what could be the 
optimum flowrate, more testing will have to be done over a more limited range of fan speeds.  
Once the optimal flowrate for maximizing efficiency has been found it can be determined if the 
addition of the new CRC evaporator is enough to meet the design specification for efficiency. 
7.3 Current Test Results 
 
As mentioned earlier, the specifications for total envelope size have been met and the budget has 
not been exceeded so we are currently meeting that expectation although the cost specification 
will have to be constantly reevaluated.  Numerical results have also been achieved from fan 
testing those results can be seen in Table 11.  These results represent the average flowrate and 
power consumption taken from one test.  Each test consisted of 10 individual measurements of 
flowrate and power consumption. 
 
Table 11. Fan Test Results 
Marked 
Flowrate 
(cfm) 
 
220 
 
300 
 
400 
 
500 
 
610 
Measured 
Flowrate 
(cfm) 
 
236.8 
 
275.2 
 
337.7 
 
366.5 
 
370.0 
Power 
Consumption 
(W) 
 
64.95 
 
67.64 
 
70.56 
 
76.75 
 
79.22 
 
It should be noted that the uncertainty of these readings is 7.5 cfm for flowrate and 0.22 Watts 
for power consumption.  Note that the difference between the actual flowrates at the marked 
flowrates of 500 and 610 cfm is quite small despite the increased power consumption. It is 
assumed that this is due to the fan characteristics of this particular fan in the AWH system and 
that the rate of change of flowrate at higher power consumption is small.  More tests will need to 
be completed in order to generate the most accurate results. 
 
7.4 Uncertainty Propagation 
 
The test data from the efficiency tests will be analyzed in two ways.  The first way will be that 
the weight of the water, time duration of the test, and the average power over the course of the 
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test will be used to directly calculate the efficiency in L/kW-hr. Overall uncertainty of this 
measurement cannot yet be given since the uncertainty of the power measurement used in this 
calculation can only be determined once testing has been completed.  It is known however that 
the volume of water collected will be 0.00002 L and the uncertainty of the time duration of the 
test will be 0.00139 hours.  The uncertainty for the volume of water was computed from the 
manufacturers data for the digital scale and also assumes that the density of water will be 
constant for all tests.  Time uncertainty was determined using a 5 second delay in removing the 
water collection vessels from the drain tubes of the devices.  This was determined as a 
reasonable time for which there could be error during a single test.  
 
The data for pressures, temperatures, and atmospheric conditions will also be analyzed.  These 
data points will be used as inputs into an EES program which uses the first law of 
thermodynamics across the entire system to determine COP and an idealized efficiency in  
L/kW-hr.  Again, because tests have not yet been conducted there is no way to know the final 
uncertainties of these values and obtaining these will require an intense uncertainty propagation.  
Once the efficiency tests have been completed, values for uncertainty can be calculated.  Also 
test results will be compared to the results from the EES simulation. 
8.0 Tasks to be Completed 
 
Unfortunately, due to the worldwide pandemic of COVID-19, some aspects of this project could 
not be completed as classes for the Spring of 2020 were moved completely online and access to 
the labs and machine shops on the Cal Poly campus were completely restricted. Some 
manufacturing must still be completed before testing can begin such as the brazing of the pipes, 
completing the thermocouple mesh, and the final assembly of the system. Furthermore, leak 
testing, fan testing, and efficiency testing must all still be completed to determine if the new 
evaporator selection truly increased the efficiency of the AWH system to be greater than that of 
the Inofia Dehumidifier. 
8.1 Manufacturing 
 
While a portion of the manufacturing was completed before the campus needed to be shutdown, 
there remains a couple of manufacturing steps to be finished.  These include brazing, a possible 
second thermocouple mesh, and a leak test of the assembled system. 
 
8.1.1 Pipe Brazing 
 
There are pipes currently brazed onto the new evaporator.  However, these brazes have some 
cracks and will most likely leak.  As a result, these pipes need to be removed.  Since these two 
pieces of pipe are to be removed, new pipes were bent as one pipe was kinked in the bending 
process. 
 
This is an important issue to look out for when brazing.  It seems obvious that you would not 
want any cracks in the braze itself, however this is not as simple as it sounds.  The reason that the 
brazing for this project was not finished before the pandemic shut down was inadequate brazing.  
26 
 
Since the system will be charged with refrigerant it is imperative that there are not any cracks 
that would allow for leaks. 
 
To have the new pipes brazed, Joe Bischel from Cal Poly facilities had been contacted.  Once, 
facilities resume operations, Joe Bischel should be contacted again to braze the two, already 
bent, pipes to the evaporator. 
 
8.1.2 Thermocouple Mesh 
 
The thermocouple mesh has been manufactured and just needs to be assembled onto the frame 
which is detailed in Appendix J.  There is also an idea to create a second thermocouple mesh that 
would go around the fan that is attached to the evaporator housing.  The idea was to test the first 
thermocouple mesh that was made for the inlet of the evaporator and then determine if a second 
mesh was desired for the temperature by the fan. 
 
The second thermocouple mesh would be manufactured similarly to the mesh that was made to 
go in front of the evaporator where the air flows over it before entering the evaporator.  For the 
second mesh, it would be slightly different as it would not be on a rectangular frame.  Instead it 
would go around the curvature of the fan and stick through the fan at various points. 
 
When manufacturing a thermocouples mesh, check it as you go along.  Some of the problems 
that can arise for the thermocouple mesh stems mostly from the electrical caps.  It is important 
for the wires to all be in contact with one another and in the electrical cap.  There is also a danger 
of overtightening some of the caps which can create some of the wires to break. 
 
8.1.3 Leak Testing 
 
After the completion of the pipe brazing a leak test must be completed to ensure that the system 
will not leak.  This is an essential task in order to determine manufacturing completion.  It should 
also be noted that only someone who is certified to work on HVAC systems (such as Dr. Peuker) 
may be permitted to perform the leak test and fill the system with nitrogen or refrigerant.  No 
student is allowed to carry out the procedures of the leak test that involve charging the system.  If 
the system fails the leak test, the source of the leak must be sealed.  If it is a brazed connection a 
new braze will be required.  If the leak is at a joint where there is a compression fitting, the 
solution could be as simple as tightening the fitting.  Once leak testing is complete and 
successful, fan testing and efficiency testing can begin. 
8.2 Assembly 
 
The assembly of the Atmospheric Water Harvester is partially complete. The subsystems that 
have been built and installed include the thermocouple mesh, the evaporator unit, and the 
evaporator case. In addition, the pipes have been bent and are ready to be connected by brazing 
and bulkhead unions. Some portions of the overall system remain unchanged from the system’s 
previous version, which includes the control system, the condenser, most of the piping, and the 
cart. Three appendices cover the assembly processes of the subsystems or components created 
during the 2019-2020 academic year. These appendices detail assembly of the thermocouple 
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grid, evaporator case, and bulkhead unions, which correlates to Appendices J, K, and L 
respectively. The bulkhead unions are classified as mechanical grip fitting, which “are two-
ferrule assemblies. The back ferrule grips the tubing while pressing up against the front ferrule, 
which spring-loads the front ferrule and creates a seal between the tubing and fitting body” 
(Tube Fitting Information).  These bulkhead unions allow for sections of the piping system to be 
disassembled and reassembled multiple times.  
8.3 Testing  
 
Since manufacturing has not yet been completed this means that efficiency testing also has not 
yet been completed.  After the leak test is complete to validate the quality of the manufacturing, 
further fan testing will be required before efficiency testing can begin.  These fan tests are to 
create a larger sample size of individual tests so that the results are more accurate and show 
repeatability.  Already one set of 10 tests has been completed (results of which can be seen in 
Table 11) and it is recommended by this team that at 2-4 more tests consisting of 10 individual 
measurements are completed for accurate and repeatable fan test results.  When completing this 
testing it is imperative that all gaps between the Flowhood, the cardboard adaptor, and the 
evaporator opening are minimized as much as possible.  The Flowhood is quite sensitive and any 
small gaps can result in a false reading. 
 
All aspects of efficiency testing still need to be completed.  This testing will consist of running 
the AWH system and the Inofia Dehumidifier simultaneously and adjusting settings on the AWH 
system such as fan speed and expansion valve settings to determine the configuration that 
produces the highest possible efficiency in liters of water per kilowatt-hour of energy.  The 
details of this testing can be found in Section 7.2, and general information on how to use the 
AWH system can be found in the Operator’s Manual in Appendix K. 
 
There are some possibilities that something could go wrong during the course of testing.  If a 
refrigerant leak is noticed on the system when pulling it out or storage or setting it up for testing, 
testing should not be performed. Instead, an advisor should be notified and then the system must 
be thoroughly examined so that the leak may be identified and fixed before further testing can 
commence.  If at any time a leak occurs during testing the immediate area around the system 
should be evacuated and the system must be unplugged from power. This will be best 
accomplished by unplugging the system directly from the wall where it is plugged in.  This will 
be much safer than unplugging any of the power cords on the power strip as there is a danger of 
getting sprayed with burning refrigerant.  Also, for maximum efficiency it is best not to have ice 
on the fins.  The position of the expansion valve controls the pressure drop in the refrigerant 
between the high-pressure side and low-pressure side of the system and therefore the temperature 
of the refrigerant on the two sides.  Keeping the temperature of the refrigerant going into the 
evaporator at or above 32F will reduce icing on the fins.  While this icing is not detrimental to 
the system, it is not optimum for efficiency. 
8.4 Data Analysis 
 
After the AWH system has collected enough data in various weather conditions, the next step 
would be to decide how to further optimize the system. As previously mentioned, one of the 
options available involves replacing the condensing unit which poses an inherent challenge. If a 
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decision were made to replace this component, the team would have to find a stronger power 
source as any compressor with a capacity over 0.5 tons will require more than 115V. The 
alternative of integrating another compressor in series/parallel would not be viable as there is 
simply not enough space on the cart to include another component without some extensive 
redesign.  
 
An alternative option would be to utilize a water vapor selective membrane covering over the 
evaporator. Since the weather generally varies from about 10o to 30o Celsius, the maximum 
amount of water available is 0.0075 to 0.0275 kg of water per kg of dry air. The water vapor is 
only a minor component of air, so there is a huge inefficiency in cooling the air. This is mitigated 
in the current system by utilizing the cooled airflow out of the evaporator to cooling the 
compressor. However, the addition of this membrane may induce major changes to the system 
architecture losing this recycled aspect. The evaporator would have to be tightly enclosed as to 
ensure the only flow entering would be through the membrane.  
 
The addition of a membrane surrounding the evaporator will require a driving force for the water 
vapor to continuously flow towards the evaporator. This will require a pressure difference 
between the inside of the membrane and the atmosphere. Even if the current setup is isolated 
around the entrance with a membrane, the fan may not create a large enough pressure difference 
to induce permeation.  
  
Overall, this component represents a relatively large financial investment that may cost as much 
as a traditional water harvester without the membrane. The materials for the membrane itself are 
relatively expensive. Nafion is currently the most readily available water permeable membrane 
that can be easily sourced. Further research will be required to fully understand the feasibility of 
building such a system.  
9.0 Project Management 
 
There are several steps that go into the design process for this project.  The first step was to 
research to better define the problem.  The next step was to create what the scope of the project is 
based on the research and problem definition.  A project scope was then detailed in the scope of 
work document, which was followed by the ideation phase of the process.  For the preliminary 
design review for this project, the evaporator was the critical component that was to be replaced 
which would then lead to reconfiguring the layout of the water harvester.  Research was again an 
important part of the ideation phase as it is imperative to select a better evaporator than the 
evaporator the AWH originally had to increase the efficiency of the system, which is the main 
goal of this project.  Once an evaporator was selected, it was purchased with the sponsor’s 
approval and the system was fitted with the new evaporator.  Due to the desired amount of 
testing in winter conditions, the water harvester with the new evaporator and piping 
configuration would have ideally been completed towards the end of January 2020.  Due to the 
time it took for the fittings needed for the evaporator to come in, the timeline for this project had 
been pushed out.  Testing should begin after the system has passed a leak test and can be 
recharged with refrigerant.  PDR detailed the selection of the evaporator and the plans for 
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building and testing.  The critical design review (CDR) contains the final design information, 
testing data, and next steps based on analysis of the testing data.  The water harvester will 
additionally have a safety check and be tested against project goals.  Lastly, there will be a final 
design review and the senior project exposition.  Table 12 organizes some of the critical dates 
that are already mapped out. 
 
 
Table 12. Projected Timeline 
Deliverable Description Due Date 
Scope of Work Document outlining entire project 10/18/2019 
Preliminary Design Review 
(PDR) 
Review of design solutions, especially 
pertaining to a new evaporator 
11/15/2019 
Critical Design Review 
(CDR) 
Detailed review of components, 
configuration, cost, and analysis 
3/5/2020 
Manufacturing and Test 
Review 
Status of build, updated test plan, and 
updated schedule of project completion 
3/12/2020 
Final Design Review Final prototype along with the detailed 
review of the project and print poster for 
showcase 
5/26/2020 
Project Exposition Showcase the process and results of the 
project 
5/29/2020 
Wrap-Up Paper Work Hand off project materials and finish 
paperwork 
6/4/2020 
 
Additionally, the timeline can be further visualized by the Gantt chart in Appendix M.  The Gantt 
chart is the main tool as far as project tracking goes for the duration of this project.  While the 
evaporator was ordered, made, and shipped, there were a few tasks that needed to be 
accomplished, such as discharging the system and removing the evaporator.  Replacing the 
compressor/condensing unit would be the next possibility to try and increase the efficiency of the 
atmospheric water harvester.  Preliminary research was done while the evaporator was being 
delivered.  After the evaporator was delivered, the new coil was fitted to the system.  Next, the 
water harvester will be tested to see if the efficiency was improved by the replacement of the 
evaporator coil and the reconfiguration of the pipes.  Testing results and research will determine 
whether a new compressor/condensing unit will be purchased.  The original timeline had to be 
pushed further out as there was an issue with the procurement of the fittings that would attach the 
new evaporator to the piping for the rest of this system. 
 
Of course, one of the main goals of senior design is to use the iterative process that is the essence 
of the engineering design cycle.  This project will put that into practice in a slightly different way 
than maybe some of the other projects do, as it requires a decent amount of testing in order to 
obtain the efficiency goal, or to at least improve upon the current efficiency.  With that in mind, 
the research for a new evaporator was an iterative process as the first round of evaporators that 
produced good options, were not actually good for the AWH.  This led to another round of 
research that yielded the evaporator that has now been mounted into the system.  A weighted 
decision matrix critical since limited resources dictate the purchase one or a maximum of two 
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evaporators.  Ideally, the evaporator purchased will allow for modifications to the existing 
system and will only need to be done once.  Following the building of the new system, quite a bit 
of testing is needed to optimize the fan speed and to determine if the new evaporator actually 
increased the efficiency. 
 
In the time since PDR, fabrication has been the main focus of the project.  The new evaporator 
was incorporated into the new system which required fabrication of brackets to help mount the 
new coil in the housing.  A fan test was also performed to see what the fan speeds are for this 
evaporator.  Next, the new system will be checked for leaks and then will be recharged so that it 
can be efficiency tested.  A thermocouple mesh was constructed in order to more accurately 
record temperature data that is used in predicting ideal conditions for the AWH.  The new system 
will be tested in various conditions and the test results will be analyzed so that a new efficiency 
for the system can be calculated and compared to the dehumidifier.  Lastly, research was done on 
potential compressor/condenser units. 
 
9.1 Purchases 
 
There will be most likely two main purchases for this project: the evaporator and the 
compressor/condenser unit.  The acquisition of a new compressor/condenser unit is plausible if 
after testing it is discovered that the new AWH system is not as efficient as the Inofia system and 
it is determined it is a feasible solution for increasing efficiency.  Other purchases include what 
is necessary for the installation of the new evaporator into the current housing as well as making 
the thermocouple mesh.  The original budget for this project was about $3,000.  Table 13 breaks 
down some of the major purchases for this project and Appendix N further breaks down the 
budget.  It is also expected that the insulation will need to be replaced and improved on the 
piping of the system.  Table 13 also lays out some of the projected dates for these purchases. 
 
Table 13. Major Purchases and Projected Dates 
 
Item Reason 
Projected 
Purchase Date 
Actual 
Purchased Date 
Evaporator 
Deliverable for PDR to 
try and increase 
efficiency 
11/21/2019 12/16/2019 
Fittings (Round 1) 
Necessary for the 
installment of the new 
evaporator  
12/20/2019 1/21/2020 
Compressor/condenser 
Deliverable for CDR 
to increase efficiency 
2/14/2020 
Postponed: 
Covid19 
Fittings (Round 2) 
Additional 
compression fittings 
and ferules  
3/2/2020 3/2/2020 
Insulation 
Improve the insulation 
on the piping 
3/15/2020 
Postponed: 
Covid19 
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10.0 Conclusion 
 
The purpose of this project is to optimize an existing atmospheric water harvesting 
system so it performs at the same level of efficiency or better than commercial versions, 
specifically the Inofia CFT4-0D when operated under the same conditions. Several possible 
areas for improvement were identified.  These include replacing the evaporator component, 
decreasing unnecessary piping, eliminating areas where condensate is lost, and exploring the 
benefits of adding a variable compressor. The major milestone for the critical design review was 
replacing the evaporator component and testing the modified system to see how the efficiency 
was affected by the new evaporator with tighter fin spacing.  Testing results would illustrate 
whether-or-not the efficiency of the system was improved by replacing the previous evaporator 
coil with a new evaporator.  Unfortunately, due to the COVID-19 pandemic, this stage was never 
reached. The project is still stuck in the manufacturing stage. We were unable to replace the 
poorly brazed pipes with properly bent pipes. The thermocouple mesh was also left incomplete; 
the nodes are properly welded, but the frame has not been built or attached in any way to the 
system with the thermocouples. The plan of building another thermocouple mesh to surround the 
exit of the fan was also not started. Since the manufacturing was left incomplete, the system was 
unable to be leak tested and subsequently tested to determine the new efficiency.  
 
The team has several recommendations for any team that may attempt similar projects. The first 
recommendation may seem simplistic, but it has very large consequences; Set your priorities 
straight. One of the project’s priorities was keeping up with the schedule, and we were unable to 
meet this target primarily because of procurement issues. The lead time was listed on the 
vendor’s website as one week, but the actual time required for delivery ended up being around 2 
months. When ordering parts that are critical to project timeline, the team should consider 
express shipping, or dealing with more reputable vendors. It is recommended to not cut quality 
for time. Since it was difficult to get in contact with facilities to braze the pipes, the team decided 
to find an alternative source, the shop-technicians at Mustang60, to finish the job. Even though 
the team was able to get the brazing done, it turned out to be an inadequate job which required 
re-brazing and delayed the project. Additionally, after consulting with an experienced student 
who previously worked with piping, the team discovered that instead of bending the pipe to fit 
the system, it would be more efficient to use a metal wire to map out the pathway of the piping 
beforehand to see where the pipes should be bent.  
 
If this project were to be repeated, the components should be ordered from a different 
manufacturer. This will ensure that the lead time will not be overextended. In addition, the 
reason we ordered from a more obscure manufacturer was because they had a non-standard pipe 
fitting which the team at the time thought was required. It turned out that all the parts we needed 
were standard, so there was no need to get pipe fittings from Saez Distributors. In addition, to 
this change, the process for manufacturing would be rearranged so that everything becomes more 
streamlined. Facilities should be contacted well in advance in anticipation of the difficulty in 
contacting them. With a hard date set in stone, the rest of the manufacturing should be centered 
around that as the preparation work does not require a lot of time. The piping layout should be 
modeled first before bending the pipes and brazing them on.  
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The next stage of this project is to decide how to further improve the device. Currently there are 
two viable options. The first option is replacement of the compressor/condensing unit. The 
second potential change is to build a membrane to isolate the evaporator from the outside 
atmosphere. Both will require extensive remodeling of the current system, so it is up to the next 
team to decide on which direction to take.  
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Appendices: 
 
Appendix A Quality Function Deployment 
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Appendix B Automotive Evaporator Specifications 
 
Device Refrigerant 
Type 
Dims ( in, L x 
H x D) 
Face 
Area 
Fin 
Spacing 
(fpi) 
Price 
($) 
International 9400i SBA -
6-15.0L A/C Evaporator 
Core -EV 940060PFC 
R134a 9.8 x 15.4 x 2.5 150.92 14.8 123 
8 X 7.812 X 3.125 Inch AC 
Evaporator Fits Kenworth 
With Sleeper 
R134a 8x7.812x3.125 62.496 12.5 169 
12.25 X 7.875 X 3.5 Inch 
AC Evaporator 
R134a 12.25 x 7.875 x 
3.5 
96.46875 14.7 189 
Universal Air Conditioner 
EV940089PFC A/C 
Evaporator Core 
R134a 11.5 x 8 x 3.125 92 10 133 
 
Spec Weight International 
9400i SBA -
6-15.0L A/C 
Evaporator 
Core -EV 
940060PFC 
8 X 7.812 X 
3.125 Inch 
AC 
Evaporator 
Fits 
Kenworth 
With 
Sleeper 
12.25 X 
7.875 X 3.5 
Inch AC 
Evaporator 
Universal Air 
Conditioner 
EV940089PFC 
A/C 
Evaporator 
Core 
8 X 7.812 X 
3.125 Inch 
AC 
Evaporator 
Fits 
Kenworth 
With 
Sleeper (2 
in series) 
Fit in 
current 
case 
2 4 1 3 3 3 
Fin 
Spacing 
3 5 4 5 3 4 
Price 1 4 3 3 4 2 
Total 
 
27 17 24 19 20 
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Appendix C First Iteration Evaporator Comparison 
 
Evaporator Type Pros Cons 
Window AC Unit
 
Figure 9. Perfect Aire 5PMC5000 
Window Air Conditioner 
• Will fit inside 
current casing. 
• Smaller depth 
possibly allowing 
for different 
configurations. 
• 5000 Btu capacity 
• Not optimized for use with 
R134a. 
• More time to disassemble 
unit and attach to AWH. 
• Possibility of evaporator 
damage occurring during 
disassembly 
• 11-12 fins/in 
Automotive 
 
Figure 10. Automotive Evaporator 
• Optimized for use 
with R134a. 
• Many shapes and 
sizes allow for 
many 
configuration 
options. 
• Fairly cheap and 
easy to find. 
• Acceptable fin 
spacing. 
• Capacity information is not 
readily available. 
• Fittings may not be right 
kind. 
• Will not fit perfectly in 
current casing. 
Custom 
 
 
Figure 11. CRC Custom 
Evaporator 
 
• Have control over 
all dimensions, fin 
spacing, and 
refrigerant type. 
• Designed 
specifically for 
AWH application. 
• Possibly much more 
expensive. 
• At least a month of lead 
time. 
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Appendix D Hazards Checklist 
 
Y N  
 X 1. Will any part of the design create hazardous revolving, reciprocating, running, 
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or 
similar action, including pinch points and sheer points? 
 X 2. Can any part of the design undergo high accelerations/decelerations? 
 X 3. Will the system have any large moving masses or large forces? 
 X 4. Will the system produce a projectile? 
X  5. Would it be possible for the system to fall under gravity creating injury? 
 X 6. Will a user be exposed to overhanging weights as part of the design? 
 X 7. Will the system have any sharp edges? 
 X 8. Will any part of the electrical systems not be grounded? 
 X 9. Will there be any large batteries or electrical voltage in the system above 40 V? 
X  10. Will there be any stored energy in the system such as batteries, flywheels, 
hanging weights or pressurized fluids? 
 X 11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of 
the system? 
 X 12. Will the user of the design be required to exert any abnormal effort or physical 
posture during the use of the design? 
X  13. Will there be any materials known to be hazardous to humans involved in 
either the design or the manufacturing of the design? 
 X 14. Can the system generate high levels of noise? 
 X 15. Will the device/system be exposed to extreme environmental conditions such 
as fog, humidity, cold, high temperatures, etc? 
 X 16. Is it possible for the system to be used in an unsafe manner? 
 X 17. Will there be any other potential hazards not listed above? If yes, please 
explain on reverse. 
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Description of Hazard Planned Corrective Action 
Planned 
Date 
Actual 
Date 
5. If the cart that the 
atmospheric water is 
mounted on where to be 
knocked over, it could 
potentially cause injury.   
 
This is an unlikely event, but the weight 
of the components on the cart will be 
more, or less evenly distributed so tipping 
is not an issue. 
2/4/2020 2/26/20 
10. The system uses R-134a 
to run which is a 
pressurized fluid.   
 
Ensure that all joints are connected 
appropriately so that there are no leaks by 
preforming a leak test. 
 
1/6/2020 Postponed 
Due to 
COVID-
19 
13. R-134a is a material that 
can potentially be hazardous 
to humans. 
 
To ensure the refrigerant is properly 
handled; Dr. Peuker will be the only one 
to deal with the refrigerant as he is 
licensed to do so. 
 
1/6/2020 1/13/2020 
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Appendix E iBOM, Detail Drawings, Spec Sheets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assembly Part 
Level Number Description Qty Cost Ttl Cost Source More Info
Lvl0 Lvl1 Lvl2 Lvl3 Lvl4
0 100000 Final Assy ------
1 110000 Evaporator Housing ------
2 111000 Evaporator Coil 1 850 850 CRC- (custom)
2 112000 Sheet Metal 3 16.45 49.35 Online Metals
2 113000 Fan 1 0.00 0.00 ------ From previous project
2 114000 Housing panels 5 0.00 0.00 ------ From previous project
2 115000 Evaporator Mounting ------
3 115100 Brackets 4 0.00 0.00 Custom
3 115200 Threaded Rod 4 0.00 0.00 McMaster From previous project
3 115300 Screws 20 0.00 0.00 McMaster From previous project
3 115400 Nuts 8 0.00 0.00 McMaster From previous project
1 120000 Tubing System
2 121000 1/2" Copper Tubing 5 0.00 0.00 HVAC Lab From previous project
2 122000
5/8" CopperTube
10 3.73 37.29
HVAC 
Lab/Home 
Depot
From previous project and 
additional supplies purchased
2 123000 1/2 " Brass Bulkhead Union 2 18.17 42.3 Swagelok
3 123100 Brass Back Ferrule for 1/2 in 5 0.93 4.65 Swagelok
3 123200 Brass Front Ferrule for 1/2 in. 5 1.02 5.10 Swagelok
2 124000 5/8" SS Bulkhead Union 2 58.12 116.24 Swagelok
3 124100 316 SS Back Ferrule for 5/8 in. 5 2.52 12.60 Swagelok
3 124200 316 SS Front Ferrule for 5/8 in 5 2.64 13.20 Swagelok
2 125000 Couplings
3 125100 FSD - 1/2" Copper - Cxc 1 0.38 2.95 Saez
3 125200 FSD - 5/8" Copper - Cxc 1 0.29 2.68 Saez
3 125300 FSD - 5/8"x 1/2" Copper Reducer 1 0.27 2.62 Saez
3 125400 FSD - 7/8"x 1/2" Copper Reducer 1 1.07 5.02 Saez
3 125500 FSD - 7/8"x 1/2" Copper Bushing 1 2.77 10.17 Saez
3 125600 FSD - 7/8"x 5/8" Copper Bushing 1 2.77 10.17 Saez
2 126000 Expansion valve 3 0.00 0.00 ------ From previous project
1 130000 Condensing Unit
2 131000 Condenser 1 0.00 0.00 ----- From previous project
2 132000 Compressor 1 0.00 0.00 --- From previous project
2 133000 Fan 1 0.00 0.00 --- From previous project
1 140000 Data Collection
2 141000 Thermocouples 12 0.00 0.00 ---- From previous project
2 142000 Thermometer 1 0.00 0.00 ----- From previous project
2 143000 Pressure gauge 2 0.00 0.00 ---- From previous project
2 144000 Graduated cCylinder 1 0 0.00 ---- From previous project
2 145000 Humidity Gauge 1 0.00 0.00 ---- From previous project
Total Parts 114
Indented Bill of Material (iBOM)
Atmospheric Water Harvester
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Appendix F Design Verification Plan and Report 
 
 
Team:31 - 
Cloud 
Catchers
Quantity Type Start date Finish date Test Result Quantity Pass Quantity Fail
1 1 System 2.5 L/kWh Jacob FP 1 Sys 2/14/20 TBD - - -
2 2 Variable Fan 800 cfm Justin FP 1 Sys 2/22/20 2/22/20 Pass 423 cfm -
3
3 Height 
Measurement
48 in ±12 in Jessica FP 1 Sys 2/14/20 3/2/20 Pass 12 in - Fits through 
HVAC 
storage 
room door
4
4 Width 
Measurement
30 in ± 12 in Jessica FP 1 Sys 2/14/20 3/2/20 Pass 7 in - Fits through 
HVAC 
storage 
room door
5
5 Length 
Measurement 
44 in ± 12 in Jessica FP 1 Sys 2/14/20 3/2/20 Pass 12 in - Fits through 
HVAC 
storage 
room door
6 6 Cost $3,000 Ben FP 1 Sys 5/10/20 3/2/20 Pass $1,681 -
 TIMING TEST RESULTS
NOTES
Date:2/3/2020 Sponsor: Dr. Peuker DVP&R Engineer: Jacob 
David
Description of System: Atmospheric Water Harvester
Senior Project DVP&R
TEST PLAN TEST REPORT
Item
No
Specification 
# 
Test 
Description
Acceptance 
Criteria
Test 
Responsibility
Test 
Stage
SAMPLES 
  
 
G-1 
Appendix G Fan Speed Testing Procedure 
 
Facility Requirements 
To test this system, it must be placed indoors in a place that has does not have much airflow.  
The flow hoods are sensitive, and data can be skewed by surrounding airflow. This indoor 
location must also be within range of two separate power outlets. 
 
Necessary Equipment 
1. Atmospheric Water Harvester (AWH) 
2. Data Sheet 
3. 1 extension cord 
4. FlowMaster flow hood 
5. Cardboard adaptor 
6. Laptop 
7. USB to micro-USB cord 
Testing Procedure 
1. Set up the AWH in an indoor location well away from any possible sources of airflow.  
2. Use extension cords to plug in AWH system and turn on the HOBO plug loader by 
connecting it to the laptop using the micro-USB cord. 
3. Turn on the FlowMaster flow hood and calibrate the device 
a. Point the flow hood inlet at the wall making sure the inside flaps are parallel with 
the sides of the hood (the flap orientation can be changed using the knob at the 
base of the handle above the digital readout) 
b. Click the button at the top of the handle to get the uncorrected flowrate. Repeat 
until the digital readout reads “0” 
4. Place the cardboard adaptor over the inlet of the evaporator and secure it with tape so that 
it does not move around.  
5. Turn on the fan and turn the variable speed dial to the desired mark. 
6. Hold the flow hood up to the cardboard adaptor and make sure to stand to the side of the 
inlet when operating.  
7. Press the button on the end of the handle. The reading should have a “u” next to the value 
which stands for “uncorrected.”  
8. Turn the knob next to the digital readout to change the orientation of the flaps and take 
another reading. This reading should have a “c” next to the value symbolizing 
“corrected.” Record this value in the data sheet.  Simultaneously read and record the 
power reading from the plug loader. 
9. Repeat steps 6 and 7 for the remainder of the test. There should be a minimum of 10 tests 
for each fan speed.  
10. When testing is completed, turn off the fan, remove the cardboard fitting and unplug the 
device.  Turn the HOBO plug loader off by using the laptop and micro-USB cord. 
11. Before leaving, plug the flow hood back into the charging cable.  
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Fan Speed Data Collection Sheet 
 
Measured Air Flowrates (cfm) 
 Fan Speed Setting (cfm) 
Test 220 300 400 500 610 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
Average      
 
 
Measured Fan Power Consumption (W) 
 Fan Speed Setting (cfm) 
Test 220 300 400 500 610 
1      
2      
3      
4      
5      
6      
7      
8      
9      
10      
Average      
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Appendix H Test Data Sheets 
 
AWH Data Collection Sheet  
 
  Resting Pressure   
Pre-Expansion Valve (psi)    
Post-Expansion Valve (psi)    
Pre-Compressor (psi)    
Notes:  
  
Date:   Trial #  Time Duration (min)  
  
Initial  Final  
Handheld 
Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Weather App  
Ambient Air (F)      
Relative Humidity (%)      
Thermocouple 
Readings  
(F)  
Tair in (1)      
Tcomp in1 (2)      
Tair out (3)      
Tpost EV (4)      
Tcomp in2 (5)      
Tpost cool (6)      
Tcomp out (7)      
Mass (g)      
Time      
Power Readout (W)      
Fan Speed (cfm)    
Expansion Valve Setting    
Pressure 
Readings  
Pre-Expansion Valve (psi)      
Post-Expansion Valve (psi)      
Pre-Compressor (psi)      
Notes:  
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Dehumidifier Data Collection Sheet  
 
Date:   Trial 
#  
Test Duration (min):   Initial  Final  
Handheld Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Dehumidifier Display  
Ambient Air Temp (F)      
Relative Humidity (%)      
Weather App  
Ambient Air Temp (F)      
Relative Humidity (%)      
Power Reading (W)      
Mass (g)      
Time (hh:mm)      
Notes:   
 
 
 
 
Date:   Trial 
#  
Test Duration (min):   Initial  Final  
Handheld Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Dehumidifier Display  
Ambient Air Temp (F)      
Relative Humidity (%)      
Weather App  
Ambient Air Temp (F)      
Relative Humidity (%)      
Power Reading (W)      
Mass (g)      
Time (hh:mm)      
Notes:   
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Appendix I Efficiency Testing Procedure 
 
Facility Requirements 
To test this system it must be placed outdoors in a place that has level ground that is also mostly 
protected from wind and rain.  This outdoor location must also be within range of two separate 
power outlets. 
 
Necessary Equipment 
8. Atmospheric Water Harvester (AWH) 
9. Inofia Industrial Dehumidifier 
10. Data Sheets for both systems 
11. 2 extension cords 
12. Handheld device for measuring atmospheric conditions 
13. Cord to connect to HOBOware data loggers 
14. Electronic scale 
15. 2 water collection vessels (such as a measuring cup) 
16. A laptop computer with HOBOware software downloaded on it 
17. A stopwatch  
Testing Procedure 
12. Set up both the AWH and Inofia systems on the flat ground in a configuration that the 
systems will not blow air onto the other. 
13. Use extension cords to plug in AWH system and Industrial Dehumidifier. 
a. Do not put dehumidifier on same outlet as other device, this risks blowing the 
fuse. 
14. Record resting pressures in case of unexpected values. 
15. Start both machines and let them run for 15 minutes or until production of water appears 
to reach steady state. 
16. Check pressure gages to make sure they are all reasonable (R134a: ~ 35 psi for low 
pressure and 100 psi for high pressure). 
17. Start all data loggers for power and temperature readings using a laptop. 
18. Record initial conditions before the start of the test: 
a. Power, pressure, and temperature readings from R134a system. 
b. Air flowrate and expansion valve settings. 
c. Power, ambient temperature, and relative humidity from industrial dehumidifier. 
d. Ambient temperature and relative humidity from handheld device, Wunderground 
weather app, and Cal Poly weather station. 
e. Initial mass of water collection vessels for both systems 
19. Begin testing.  For tests taking place in higher humidity only run for about 10-15 
minutes.  Tests in lower ambient relative humidity may take longer, up to about 30 
minutes. 
20. Record final conditions: 
a. Record all final values for power, temperature, pressure, and atmospheric 
conditions. 
I-2 
 
b. Record final masses of water collection vessels. 
21. Change the independent variable (fan speed or pressure setting on AWH) if necessary 
and repeat steps 7-9 for remaining tests. 
22. Once all tests are finished extract data from data loggers and turn of loggers. 
23. For R134a system turn of compressor and turn fan to max speed and leave outside until 
fins are dry (approximately 20 minutes). 
24. Unplug devices and return them to the storage room. 
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AWH Data Collection Sheet  
 
  Resting Pressure   
Pre-Expansion Valve (psi)    
Post-Expansion Valve (psi)    
Pre-Compressor (psi)     
Notes:  
  
Date:   Trial #  Time Duration (min)  
  
Initial  Final  
Handheld 
Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Weather App  
Ambient Air (F)      
Relative Humidity (%)      
Thermocouple 
Readings  
(F)  
Tair in (1)      
Tcomp in1 (2)      
Tair out (3)      
Tpost EV (4)      
Tcomp in2 (5)      
Tpost cool (6)      
Tcomp out (7)      
Mass (g)      
Time      
Power Readout (W)      
Fan Speed (cfm)    
Expansion Valve Setting    
Pressure 
Readings  
Pre-Expansion Valve (psi)      
Post-Expansion Valve (psi)      
Pre-Compressor (psi)      
Notes:  
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Dehumidifier Data Collection Sheet  
 
Date:   Trial 
#  
Test Duration (min):   Initial  Final  
Handheld Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Dehumidifier Display  
Ambient Air Temp (F)      
Relative Humidity (%)      
Weather App  
Ambient Air Temp (F)      
Relative Humidity (%)      
Power Reading (W)      
Mass (g)      
Time (hh:mm)      
Notes:   
 
 
 
 
Date:   Trial 
#  
Test Duration (min):   Initial  Final  
Handheld Monitor  
Ambient Air Temp (F)      
Relative Humidity (%)      
Dew Temperature (F)      
Dehumidifier Display  
Ambient Air Temp (F)      
Relative Humidity (%)      
Weather App  
Ambient Air Temp (F)      
Relative Humidity (%)      
Power Reading (W)      
Mass (g)      
Time (hh:mm)      
Notes:   
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Appendix J Thermocouple Grid Assembly Plan 
Summary:  
 This assembly plan will detail how to assemble and install the thermocouple mesh. The 
document is broken down into sections: required materials, reference images, assembly steps, 
and installation steps. The grid thermocouple takes a hardwire average temperature based on nine 
nodes.  
 
Required Materials: 
1. 5/16th x 4’ Wooden Dowel 
2. Superglue 
3. Transparent Thread (Fishing line) 
4. Electric Caps  
5. 20gauge T Type Thermocouple Wire  
6. Zip ties 
7. Thermocouple Welder 
8. HOBOware 
 
Assembly Process: Thermocouple Wire Mesh  
1) Weld thermocouple wires together to form nodes 
2) Connect wires in parallel using electric caps  
3) Orient the ends of the wires to form a grid of nine nodes as (see Figure 12) 
4) Cut wooden dowel into four 1 foot sections (see Figure 13) 
5) Cut notches into the dowel 1 inch in from each end (see Figure 14). Note: the notch 
should be 125% of the dowel diameter  
6) Apply a drop of superglue onto the bottom notch  
7) Press horizontal and vertical pieces together and hold to create framework  
8) Attach one end of the fishing wire at three point along the top dowel  
9) Attach the other end of the fishing wire to the bottom dowel  
10) Attach the thermocouple wire ends to the fishing line with electrical tape  
11) The framework can now be attached to cover the outlet of the evaporator with zip ties  
12) Plug the thermocouple wire into the HOBOware data logger  
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Figure 12. Approximate Thermocouple Node Locations 
 
 
 
Figure 13. Wooden Dowel Cut into Four 1 Foot Sections 
J-3 
 
 
 
Figure 14. Wooden Dowel Notch Location 
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Appendix K  Operator’s Manual 
 
Atmospheric 
Water Harvester 
Testing 
Apparatus 
Operators Manual 
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Familiarizing Yourself with the AWH System 
 
The Atmospheric Water Harvester (AWH) system is a device being used for research into active 
atmospheric water harvesting by Dr. Steffen Peuker at California Polytechnic State University.  
The system consists of a basic vapor-compression cycle which utilizes R-134a refrigerant to 
dehumidify air and collect the water that is extracted.  The purpose of this system is to collect as 
much water as possible while using a minimal amount of energy.  
 
A vapor-compression cycle consists of four components which the refrigerant flows through.  
These components are the compressor, condenser, expansion valve, and evaporator.  A 
simplified diagram is shown in Figure 15 to outline this cycle. 
 
  
Figure 15 Standard Vapor Compression Cycle Diagram 
 
In general, state one in the cycle is said to exist just before the refrigerant enters the compressor, 
state two is between the compressor and condenser, state three is between the condenser and the 
expansion valve, and state four is between the expansion valve and the evaporator.  In this 
system the refrigerant enters the compressor where work being exerted on the system (in the case 
of the compressor on this AWH system a piston-cylinder is powered by electrical energy) 
compresses the working fluid and increases its pressure and temperature.  Then, the fluid flows 
through the condenser where the heat in the fluid is rejected to the environment by using a heat 
exchanger.  The expansion valve creates a sudden drop in pressure and temperature when the 
fluid runs through it.  Finally, in the evaporator the environment adds heat to the fluid, again 
using a heat exchanger, before it enters the compressor and begins the cycle again.  The AWH 
system is not quite as simple as the diagram.  Figure 16 shows a picture of the system with these 
components identified as well as some other important components of the system.  Some things 
that cannot be seen in the figure are the power strip, power logger, and variable speed fan dial 
and are located on the other side of the device. 
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Figure 16. Schematic of AWH System 
 
It should be noted that the system has seven thermocouples which correspond to seven different 
states in the cycle.  This is because the system is not an ideal system; the compressor is not a 
perfect machine, the pipes are not perfectly insulated, and losses are incurred due to fluid friction 
while the refrigerant is flowing in the system.  These imperfections cause small pressure and 
temperature drops that would not be accounted for in an ideal system.  Also, in the AWH system 
in inlet and outlet air temperatures are recorded as their own state points.  Each thermocouple is 
labeled with a number and Table 14 designates what these states represent on the system. 
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Table 14.  State Points of the AWH System 
State Point Description 
1 Air Entering the Evaporator 
2 Fluid Entering Compressor (Some Pipe 
Length Remains for the Fluid to Travel) 
3 Air Exiting the Evaporator 
4 Fluid Exiting the Evaporator 
5 Fluid Immediately Entering the Compressor 
6 Fluid Exiting the Condenser 
7 Fluid Exiting the Exiting the Compressor 
 
The temperatures at these states are collected and displayed by HOBO® 4-Channel 
Thermocouple Data Loggers (Figure 17).  Fluid pressure is displayed at three locations: before 
the fluid enters the evaporator, after the fluid exits the evaporator, and before the fluid enters the 
expansion valve.  These pressures are displayed by three Yellow Jacket Dry Manifold Gauges 
(Figure 18). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Behind what can be seen in Figure 15 there is the power strip which powers the individual 
components on the AWH system such as the compressor and variable speed fan.  There is also 
the HOBO® Plug Load Logger (which can be seen in Figure 19) measures, records, and displays 
the instantaneous power being used by the system.  There are in fact two of these plug load 
loggers.  One of them is plugged into the main plug of the power strip and measures the 
instantaneous power being used by the entire device.  Another plug load logger is only connected 
between the power strip and the fan and this logger measures only the instantaneous power being 
used by the variable speed fan.  Finally, there is the Variable Fan Speed Dial which controls the 
speed of the fan inside the evaporator case assembly.  The location of these components on the 
system can be found in Figure 20.  
 
Figure 17 HOBO® 4-Channel 
Thermocouple Data Logger. 
Figure 18. Yellow Jacket Dry Manifold 
Gauges 
K-5 
 
 
Figure 19. HOBO® Plug Load Logger 
 
 
 
 
 
 
Figure 20.  Schematic of Back Side of the AWH System 
 
The Variable Fan Speed Dial has some marked dial positions that correspond to induced air 
flowrates through the evaporator in cubic feet per minute (cfm).  These markings not correct 
however and the actual flowrate through the evaporator at the different markings can be found 
below in Table 15.   
 
 
 
Variable 
Fan Speed 
Dial 
Plug Load 
Loggers 
Power 
Strip 
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Table 15. Actual Values of Air Flowrate Through the Evaporator Compared to Marked Values 
Marked 
Flowrate 
(cfm) 
 
220 
 
300 
 
400 
 
500 
 
610 
Measured 
Flowrate 
(cfm) 
 
233.9 
 
280.0 
 
342.9 
 
370.7 
 
373.6 
 
It should be noted that the actual air flowrates at marked values 500 and 610 cfm are just about 
equal (the uncertainly of the flowrate measurements is approximately 7.5 cfm).  This is because 
turning the dial past the 500 cfm produces a negligible change in air flowrate through the 
evaporator.  Essentially, going past the 500 cfm mark will result in lower system efficiency 
because the fan is drawing more power but is not moving a larger volume of air through the 
evaporator. 
 
Beneath the evaporator case there is a hole in the top of the cart where the drain hole is located.  
This drain hole is accessible from the bottom side of the top surface of the cart.  This is where 
the drain tube can be connected and where the drain tube ends a collection vessel may be placed. 
 
The entire system is on a cart on caster wheels so that it may be easily moved in and out of 
storage and to different testing locations. 
 
Disassembly 
This section will cover the steps necessary to disassembling and removing the evaporator case 
assembly from the rest of the system. 
 
Required Materials: 
1. 9mm Socket Wrench 
2. Crescent Wrench (2x) 
3. Scissors 
 
Proceedure: 
1. The first step is to disassembly is to discharge (remove the refrigerant) the system.  
UNDER NO CIRCUMSTANCES should anyone attempt to disassemble any part of the 
system while it is still charged.  This step must be done by a licensed professional.  For 
more information see the Charging/Discharging Section. 
 
2. Once the system is discharged, find the compression fittings that connect the suction and 
return tubes of the evaporator to the rest of the system (seen in Figure 21).  Use two 
crescent wrenches to loosen the fittings.  Use one of the wrenches to hold onto the hex 
shaped portion of the fitting body and use the other to unscrew the compression nut.  
Only unscrew the nut on the side of the tubes coming from the evaporator.  It is important 
to use both wrenches so that the torque is countered.  If only one wrench is used, the user 
risks twisting the pipes. 
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3. Next, loosen the threaded rods that hold the evaporator case assembly in position by 
loosening the nuts on the top and bottom of the grey brackets from which the case 
assembly is suspended by.  The nuts to be loosened are shown in Figure 21. Remove the 
top nuts and slide the threaded rods out of the brackets and carefully lower the case 
assembly so that it rests in the top of the cart. 
 
 
Figure 21. Locations of Pipe Connection and Threaded Rod Attachment Points 
 
4. Remove the bottom panel of the case by unscrewing the two 9mm hex head screws in the 
front and cutting the two small zip ties in the back.  
  
5. Once the panel is free, it is recommended that the remainder of the disassembly is done 
on a flat, sturdy table.  Lift what remains of the case assembly straight up.  There is a 
wire connected from the fan to the Variable Fan Speed Dial, disconnect this wire.   
Carefully move the assembly to a table and set it down.  Make sure that the pipes are 
hanging off the edge of the table, putting the pipes directly on top of the table will cause 
them to bend. 
 
6. Use a 9mm socket wrench to remove all of the remaining white panels.  Start at the front 
of the case (the inlet side of the evaporator) and remove the four screws on each side of 
the evaporator (Note: this will also loosen the two grey brackets, once the screws are 
removed the brackets can simply be pulled out).  Once the screws in the front have been 
removed, remove the panels from the groove in the side panels and place to the side.  
Two more 9mm screws attach each side panel to the rear panel, remove them using the 
socket wrench.  Finally, remove the four black plastic threaded inserts from the rear panel 
and remove the eight remaining screws and remove the rear panel which has the fan built 
into it.  Once all the panels have been removed the evaporator should look like Figure 22. 
 
Evaporator Suction 
and Return Pipe 
Connection Locations 
Nuts to be Removed 
from Threaded Rod 
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Figure 22. Steel Brackets Attached to Evaporator 
 
7. To finish the disassembly, remove the front and rear steel brackets.  Each bracket is 
attached by two 3/8” bolts and accompanying 3/8” nuts.  Remove these using a wrench 
and/or your hands.  Note: there is an aluminum skirt on the bottom front of the 
evaporator to remove this the bolts in the bottom front must be removed first.  Once all 
the brackets have been removed, the only item left will be the evaporator itself (as shown 
in Figure 23) and disassembly has been completed. 
 
 
Figure 23. Evaporator Only 
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Assembly 
This section will cover the steps necessary to assemble the case for the system. 
 
Required Materials: 
1. 9mm Socket Wrench 
2. Crescent Wrench (2x) 
3. 4 steel brackets per drawing package 
4. 8 short 3/8” bolts and nuts  
5. 12”x1” aluminum skirt 
6. Zip Ties 
 
Proceedure 
1. Locate the 4 steel brackets, 8 short 3/8” bolts, their accompanying nuts, and the 
approximately 12”x1” aluminum skirt. 
 
2. Place the brackets by the evaporator such that the two larger ones are on the outlet side of 
the evaporator and the two smaller ones are on the inlet side.  Attach all the brackets such 
that the flat sides all face away from the coil and insert the bolts from the inside of the 
flanges on the evaporator itself such that the bolt heads are on the side next to the tubes of 
the evaporator and then slide the steel brackets onto the threaded portion of the bolt.  
Screw on the nuts and hand tighten them.  Note: On the front side before adding the nut 
to the bottom two bolts slide the piece of aluminum onto the bolts such that it creates a 
skirt covering the gap between the bottom of the fins and the bottom of the building 
surface.  Then screw on the nuts and hand tighten.   
 
3. Locate the largest panel of the case that contains the fan.  Mount this panel so that the fan 
is in the back of the evaporator coil and the front lip of the panel is completely over the 
top edge of the front brackets.   
 
4. Locate the two grey hanging brackets which attach to the rear.  This can be denoted by 
the hole pattern on the bracket.  The hole pattern for the two brackets which attach in the 
front and two that attach in the rear are shown below in Figure 24.  Once the brackets 
have been located, start attaching the rear panel by sliding the hanging brackets in-
between the flange of the steel brackets and the rear panel and lining up the holes of the 
hanging bracket, the steel bracket, and the rear panel simultaneously and screwing in two 
of the 9mm hex head screws into each hanging bracket.  Repeat on the other side of the 
panel. 
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Figure 24. Hole Pattern for Front Hanging Brackets (Right) and Rear Hanging Brackets (Left) 
 
5. Insert 9mm screws into the remaining four holes in the rear panel and insert a black 
plastic threaded insert into each square hole in the rear panel. 
 
6. Once the rear panel is in place, locate the two side panels and attach them by threading a 
9mm screw through the panel and into each black threaded insert.  The side panels will 
slant at a slight angle upwards. 
 
7. Locate the remaining front panels.  Slide the indented edge of the front panels into the 
grooves in the side panels until the holes on the front side of the steel brackets align with 
the holes on the front panels. 
 
8. Attach the second set of the small grey hanging brackets by sliding the brackets behind 
the flange of the front steel brackets, aligning the holes of the front steel brackets, the 
front panel and the front hanging brackets, and then inserting 2, 9mm screws into each 
hanging bracket. For the front hanging brackets only the steel brackets and the hanging 
brackets themselves must be accurately aligned, there are holes in the front panels for the 
screw heads to sit in but the screws do not actually screw into the front panels. 
 
9. Thread the 9mm screws into the remaining holes into the front panels.  The steel brackets 
are quite stiff and some force must be used to bend it so that the holes line up.  If it is 
difficult to get one of the last holes to align try loosening some other the screws in the 
front (not all the way) until all the screws are in place and then tighten the rest of the way.  
Note:  Exercise caution on this step.  It is recommended to wear something protective on 
the hands.  Also, while some force is necessary, do not exert so much force as to possible 
damage the evaporator. 
 
10. Pick up the entire assembly and place it on the cart with the bottom panel underneath and 
the back side of the coil facing the condensing unit.  Before setting the assembly all the 
way down, grab the variable speed fan power cord, run the wire through the slot on the 
bottom bracket that is closest to the Variable Fan Speed Dial and connect it to the wire 
coming the dial.  The slot for the wire is depicted in Figure 25. 
= Threaded Hole 
= Non-Threaded Hole 
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Figure 25.  Position of the Slot for the Variable Speed Fan Power Cord 
 
11. When setting the case assembly in place, simultaneously slide the suction and return 
pipes of the evaporator into their corresponding compression fittings (for visual reference 
of fitting locations Figure 21). Note: Make sure the back ferrule of the compression 
fitting is on the end of the pipe that is getting inserted into the compression fitting.  This 
is very important for creating a tight seal in Step 15.  Figure 26 offers an exploded view 
of a compression fitting for visual aid. 
 
 
Figure 26. Exploded View of a Compression Fitting (“Tube Fitting Information”) 
Slot for Variable 
Speed Fan Power 
Cord 
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12. Line up the holes on the front bottom panel with the holes at the bottom of the front of 
the steel brackets and insert a screw into each one.  For similar holes in the rear it is best 
to use skinny zip ties to fasten the bottom panel to the rest of the assembly (This is due to 
hole misalignment. The only purpose for these holes is to lift the rear of the bottom panel 
up so that water flows into the drain therefore screws aren’t a necessity). 
 
13. Next, make sure there is one nut on each threaded rod and a washer is sitting on top of 
that nut.  Then, slide the rods into the slots on the hanging brackets, making sure the nut 
and washer are on the bottom side of the hanging bracket. 
 
14. Adjust the height of the nuts on the rod so that there is sufficient slope on the front and 
back sides of the bottom panel for water to drain into the drain hole efficiently. 
 
15. Once the position is satisfactory, screw another nut and washer onto the top end of all 
four threaded rods and tighten all the nuts on the rod (including the nuts on the bottom of 
the rods and underneath the cart) stabilize the assembly. 
 
16. Thread the nuts of the compression fittings onto the threads on the fitting itself.  Use two 
crescent wrenches to tighten the fittings.  Use one of the wrenches to hold onto the hex 
shaped portion of the fitting body and use the other to tighten the compression nut.  Only 
screw the nut on the side of the tubes coming from the evaporator.  It is important to use 
both wrenches so that the torque is countered.  If only one wrench is used, the user risks 
twisting the pipes. 
 
17. Before the system can be charged a leak test must be performed (see 
Charging/Discharging).  Once the leak test has been passed the system.  Note:  The 
system must be charged by a licensed professional.  UNDER NO CIRCUMSTANCES 
should anyone who is not licensed attempt to charge the AWH system. 
 
Charging/Discharging 
The system MUST be charged and discharged by a license professional.   
 
The charging of the system should be done only AFTER a leak test is completed to ensure that 
the system is not leaking.  THE SYSTEM CAN ONLY BE CHARGED IF THERE ARE NO 
LEAKS. 
 
The steps the licensed professional will take in charging the system include: 
*charging of the system occurs at the low pressure side of the system 
1.  They need an HVAC kit and will connect the 3 hoses 
2. Air must be purged from the hoses 
3. Additionally purge the air from the high pressure side  
4. While the HVAC system is still running open the charging cylinder gas valve, close valve 
on the HVAC kit attached to the high side pressure and open the valve to the low side 
pressure allowing the refrigerant to charge the system. 
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5. When the vacuum comes to zero start the compressor as the suction pressure goes above 
zero. 
6. After about 30 seconds, close the low side valve on the HVAC kit and look for a rise in 
pressure on the suction gauge pressure 
7. Look at the superheat temperature to indicate if the system is running low or over 
charged 
8. Repeat procedure until the suction pressure is 60 psi 
 
To discharge (recover the refrigerant from) the system: 
1. With the valves on the recovery cylinder, recovery machine and manifold closed 
2. Connect the hoses to the valves 
3. Open the hose valves 
4. Set the recovery machine to recover and open the high side of the manifold 
5. Purge the hoses of air 
6. Fully open the vapor valve on the recovery cylinder 
7. Turn on the recovery machine 
8. After liquid recovery is complete fully open the manifold valves 
9. Purge the recovery machine 
10. Close all valves 
 
REBEMBER: These processes MUST be done by a licensed professional and charging should 
ALWAYS be done following a leak test. 
 
System Operation 
 
The AWH system has been built primarily as a testing apparatus.  To operate the system, simply 
move the entire system to any desired environment where 110V AC electricity is available.  
Using an extension cord, plug the system into a 110V power source through the power strip and 
turn on the power to the compressor unit and variable speed fan.  Choose a fan speed setting 
using the Variable Fan Speed Dial and open and/or close the expansion valves to the desired 
setting. These two settings determine the operating point of the system.  Turn on the power 
loggers and thermocouple loggers using a computer that has HOBOware software downloaded 
on it.  It is recommended to let the system reach steady state before recording any data.  When 
the system is running water will drain into the collection vessel on the bottom of the cart. 
 
Once testing has been concluded, turn of the power to the compressor and turn the fan speed to 
maximum to dry the evaporator coils.  Turn of the power and thermocouple loggers.  Once the 
evaporator coils are dry, unplug the system completely and return the system to its storage 
location. 
 
Safety Hazards 
 
There are some important safety hazards associated with this system as well as general safety 
guidelines.   
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While System is Running: 
As far as safety hazards associated with the system, it is important to remember that the 
compressor and pipes leading out from the compressor become very hot when the system is 
running.  The hot areas when the system is running have been pointed out in Figure 27. 
 
 
Figure 27. Condensing Unit Positioning 
 
This atmospheric water harvester uses R-134a as its working fluid.  It is important to remember 
that a licensed person must be the one to handle the refrigerant (i.e. charging and discharging the 
system See Charging/Discharging).  It is also important to remember that the system may 
ONLY be charged with R-134a refrigerant.  Other types of refrigerant inside the system could 
cause damage to the system. 
 
During Setup: 
All of the system components sit on top of the cart, as shown in Figure 28; when rolling be 
careful not to topple the cart. 
 
 
Figure 28. Components on Top of Cart 
Hot 
Compressor 
Hot Pipes 
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Appendix L Bulkhead Union Assembly Plan 
 
Summary:  
 This assembly plan will detail what materials are necessary to connect tubes using 
Swagelok bulkhead unions, best practices to follow while assembling Swagelok bulkhead 
unions, the assembly process, first installation inspection process, the re-assembly process, 
potential next steps, and references.  
 
 
Required Materials: 
1. Swagelok Bulkhead Union 
2. Wrench (2x) 
3. Swagelok gap inspection gauge  
4. Sharpie or Similar Marker 
5. Front Ferules (for re-assembly) 
6. Back Ferule (for re-assembly) 
 
 
Best Practices: Information from Swagelok Website  
 
  
 
 
 
 
 
  
• Do not bleed system by loosening fitting nut or fitting plug  
• Do not assemble and tighten fittings when system is pressurized  
• Make sure that the tubing rests firmly on the shoulder of the tube 
fitting body before tightening the nut  
• Do not mix materials or fitting components from various 
manufacturers—tubing, ferrules, nuts, and fitting bodies  
• Never turn fitting body; instead, hold fitting body and turn nut  
• Avoid unnecessary disassembly of unused fittings  
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Assembly Process: Information from Swagelok Website 
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First Installation Inspection Process: Information from Swagelok Website 
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Re-Assembly Process: Information from Swagelok Website 
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Next Steps:  
 Once the Swagelok bulkhead unions have been properly assembled and tightened, the 
next step is to verify that they do not leak. The user should ask a certified professional to perform 
a leak test on the system. If the leak test is passed, the system can now be filled with refrigerant 
and charged by a professional. It is important to continue to monitor refrigerant pressure levels 
so any damage to the bulkhead unions or system at large will be caught early. A good method of 
tracking refrigerant pressure levels is to keep a dated log of the refrigerant pressure with the 
system and review it before every use.  
 
 
References:  
“An Installer’s Pocket Guide for Swagelok® Tube Fittings.” Swagelok.com, 
www.swagelok.com/downloads/webcatalogs/EN/MS-13-151.PDF. 
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Appendix M Gantt Chart 
 
NOTE: Tasks after March 20,2020 were not completed due to the COVID-19 pandemic 
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Appendix N Budget 
 
 
 
Budget Tracker (Itemized) 
Part Description  Vendor  Quantity 
Cost Per 
Unit 
Shipping 
Cost 
Tax Total Cost 
Purchase 
Date 
Purchaser 
Custom 
Evaporator  
Coil Replacement 
Company 
1 812.00   812.00 12/16/2019 Cal Poly 
FSD - 1/2" 
Copper Coupling 
- Cxc 
Saez Distributors 3 0.38 1.81  2.95 1/21/2020 
Ben 
Brough 
FSD - 5/8" 
Copper Coupling 
- Cxc  
Saez Distributors 3 0.29 1.81  2.68 1/21/2020 
Ben 
Brough 
FSD - 5/8"x 1/2" 
Copper Coupling 
Reducer  
Saez Distributors 3 0.27 1.81  2.62 1/21/2020 
Ben 
Brough 
FSD - 7/8"x 1/2" 
Copper Coupling 
Reducer  
Saez Distributors 3 1.07 1.81  5.02 1/21/2020 
Ben 
Brough 
FSD - 7/8"x 1/2" 
Copper Reducer 
Bushing  
Saez Distributors 3 2.77 1.81  10.12 1/21/2020 
Ben 
Brough 
FSD - 7/8"x 5/8" 
Copper Reducer 
Bushing  
Saez Distributors 3 2.77 1.81  10.12 1/21/2020 
Ben 
Brough 
B-810-61 Brass 
Swagelok Tube 
Fitting, Bulkhead 
Union, 1/2 in. 
Tube OD 
Swagelok 2 18.17  5.91 42.25 
1/27/2020 
and 
3/2/2020 
Ben 
Brough 
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Part Description  Vendor  Quantity 
Cost Per 
Unit 
Shipping 
Cost 
Tax Total Cost 
Purchase 
Date 
Purchaser 
SS-1010-61 
Stainless Steel 
Swagelok Tube 
Fitting, Bulkhead 
Union, 5/8 in. 
Tube OD  
Swagelok 2 58.12  5.91 122.15 
1/27/2020 
and 
3/2/2020 
Ben 
Brough 
12"x24"x0.071" 
Steel Sheet Metal 
Onlinesheetmetal
.com 
3 16.68 25.00  75.04 1/24/2020 
Jacob 
David 
24"x24"x0.071" 
Steel Sheet Metal 
Onlinesheetmetal
.com 
1 26.00 25.00  51.00 1/30/2020 
Jacob 
David 
12"x8"x0.025" 
Aluminum Sheet 
metal 
Home Depot 1 12.00   12.00 2/8/2020 
Jacob 
David 
Electrical Caps Home Depot 1 2.95   2.95 2/13/2020 
Jessica 
Mabry 
Steel Wool Home Depot 1 5.00   5.00 2/15/2020 
Jacob 
David 
Rustoleum Home Depot 1 3.00   3.00 2/15/2020 
Jacob 
David 
3/16" x 48" 
Wooden Dowel 
Home Depot 1 0.70  0.05 0.75 2/20/2020 
Jessica 
Mabry 
Transparent 
Thread 
Michaels 1 1.79  0.14 1.93 2/25/2020 
Jessica 
Mabry 
Superglue Home Depot 1 3.47  0.26 3.73 2/28/2020 
Jessica 
Mabry 
Wire 6' Home Depot 1 1.80  0.14 1.94 2/28/2020 
Jessica 
Mabry 
5/16" x4' wooden 
dowel 
Home Depot 2 0.93  0.07 1.93 2/28/2020 
Jessica 
Mabry 
5/8" x 10' OD 
Copper Pipe 
Home Depot 1 31.97  2.40 34.37 2/28/2020 
Jessica 
Mabry 
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Part Description  Vendor  Quantity 
Cost Per 
Unit 
Shipping 
Cost 
Tax Total Cost 
Purchase 
Date 
Purchaser 
Brass Back 
Ferrule for 1/2 in. 
Swagelok 5 0.93  1.08 5.73 3/2/2020 
Ben 
Brough 
Brass Front 
Ferrule for 1/2 in. 
Swagelok 5 1.02  1.08 6.18 3/2/2020 
Ben 
Brough 
316 Stainless 
Steel Back 
Ferrule for 5/8 in. 
Swagelok 5 2.52  1.08 13.68 3/2/2020 
Ben 
Brough 
316 Stainless 
Steel Front 
Ferrule for 5/8 in. 
Swagelok 5 2.64  1.08 14.28 3/2/2020 
Ben 
Brough 
1/2" Tube Bender Amazon 1 30.05 0.00 0.00 30.05 2/27/2020 
Jacob 
David 
5/8" Tube Bender Amazon 1 45.04 0.00 0.00 45.04 2/27/2020 
Jacob 
David 
